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METHODOLCGY
ON
"COASTAL CONSTRUCTION CONTROL LINE ESTABLISHMENT"

I. INTRODUCTION
The coastal engineering phenomena leading to the rationale for the Coastal
Construction Control Line (CCCL) are:
Shoreline Erosional Trend
Shoreline Fiuctuations (Both Seasonal and Storms) and,
Storm Surges and Associated Waves.
The general objective of the CCLL program is to define the zone of impact
of a one hundred year storm event along the sandy outer coastline segments of
the State of Florida. This program is implemented on a county-by-county basis.
The DNR permitting program applies seaward of the CCCL with the two-fold purpose
of ensuring: (1) the protection of the adjacent shoreline, and (2) the integrity
of structures,
Due to the sparcity of specific data which would identify directly the
appropriate location for the CCCL, a series of numerical models and calculation
procedures is employed and combined with historical hurricane and erosion data to

establish the recommended CCCL position.

I1. METHODOLOGY

The establishment of the recommended location of the CCCL requires calculation
of the 100 year storm surge and accompanying waves and shoreline erosion. These
models and their implementation are based on the best data generally available
and on data collected specifically for the purpose of the program. In particular
an extensive set of nearshore and beach profiles is taken at intervals of approxi-
mately 1,000 ft with all profiles extending out to the limit of wading and every
third profile extending out to approximately the thirty foot contour. The field

data are valuable input to the computer models; however, the field program will

be described elsewhere.

2.1 Introduction

As noted previously, because storm surge data are quite sparce (especially
long-term storm surge data) and because most tide gages and high water marks
collected are in locations which are not representative of open coast conditions,
it is necessary to use numerical models with long-term historical hurricane
characteristics which are relatively insensitive geographically, although there

are, for example, trends in the hurricane parameters.

2.2 Parameterized Hurricane

Each hurricane is unique in {ts structure, shape, size, translatfonal char-
acteristics, etc, However, it is generally agreed that when considering many
hurricanes, it is valid to emplay the concept of an idealized or parameterized
hurricane. In this approach, a hurricane is represented by five parameters:

Ap = the central (lowest) barometric pressure relative
to the ambient pressure usually reported in inches
of mercury (in. Hg) or millibars of mercury, ap
is a measure of the intensity of the hurricane,

R = radius to the band of maximum winds, usually
reported in nautical miles. R is a measure of
the size of the hurricane,

VF = forward translational speed of the hurricane,
usually reported in knots,

e = forward translational direction, defined as the
direction from which a hurricane originates,

L = tandfall location or some other parameter positioning
the hurricane at some time during the hurricane's

close proximity to the area of primary concern.



2.3 Classification by Path Relative to Shoreline

Hurricanes causing appreciable storm tides in the vicinity of a county
shoreline are classified as either “landfalling", "alongshore" or "exiting"
storms, depending on their paths relative to the shoreline orientation. Reason-
ably good data are available describing the characteristics of such storms, from
approximately 1900 to 1978. For purposes of establishing the statistical character-
istics, the frequency and direction data contained in References (1) and (2) are
merged for a segment of the coast usually extending from 100 n.mi. to 150 n.mi.
up and down coast, f.e., a total length of 200-300 n.mi.

The hurricane direction is defined here as the azimuth of hurricane trans-
lation direction at the time of landfall, or, if an alongshore storm, when in
close proximity to the site.

The designation of a storm as "landfalling", “exiting", or “alongshore” is
somewhat arbitrary as storms travel over a continuous range of directions and
there is not a particular direction relative to the shoreline for which the storm
tide-generating characteristics change markedly. Moreaver, one directional dis-
tribution is applied for all three types of storms. Figure II-1 presents an ex-
ample of the directional distribution for Charlotte County, FL, and Figure 11-2
shows the location of Charlotte County. It is important to note that the manner
in which the track of a hurricane is characterized for the purposes of this study
is different for landfalling, exiting and alongshore hurricanes. For landfalling
and exiting hurricanes, the track is specified by a location of tandfall (or
exit) and direction, whereas for the alongshore storms, the track is specified by
an offshore distance and a track direction. Figure II-3 presents a definition
sketch of the three types of hurricanes.

For purposes of this study, landfalling and exiting hurricanes are considered
to be of possible significance if they made landfall within a 250 nautical mile

segment of the coast comprising the study area. Generally, this segment is

Figure 11-1. General Location of the Study Area
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centered approximately near the mid-point of the county of interest., Usually an
offshore 1imit of alongshore storms is on the order of 50 to 100 nautical mildes.
Figure 11-4 shows the sectors of propagation paths for landfalling, exiting and
alongshore hurricanes for Charlotte County.

For purposes of computer use, the cumulative probability distribution is
developed from Figure 1I-2 and is presented in Figure 11-5.

In the following discussion of the remaining parameters defining the idealized
hurricane, Charlotte County will be used as an illustrative example. Figure !I-6
presents the cumulative probability distribution of radius to maximum winds for
1andfalling and exiting hurricanes, and Figure I1-7 presents the same for along-
shore hurricanes.

The cumulative probability distribution of central pressure deficit for
Tandfalling and alongshore hurricanes is presented in Figure II-8 and Figure II-9
presents the same information for exiting hurricanes.

Examination of historical hurricane data has demonstrated that for land-
falling storms the distributions for radius to maximum winds and central pressure
deficit are not independent. The correlation is such that the hurricanes with the
more extreme central pressures tend to be smaller. Figure II-10 presents the
interdependence ranges of R and Ap for a wider segment of the coast comprising the
area of interest. For purposes of computer application, the joint cumulative
probability distribution of R is modified to conform to the limited range shown
on Figure 11-10 for any specific ap selected within the range of -0.9 to -2.6

in. Hg.

The cumulative probability distribution of- the forward speed of translation

for landfalling, exiting and alongshore hurricanes is presented in Figure II-11.
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Figure 11-4, Designation of Alongshore, Landfalling and Exiting

Hurricanes Depending on Track Directions Relative
to Shoreline Orientation
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For the landfalling and exiting hurricanes, the track position is determined
by y coordinate, Y., representing the landfall or exit point (Figure 11-3).
Figure I1-12 presents the actual Tandfalling position defined by YF and the
associated cumulative probability distribution. Figure 11-13 presents the cumu-
Jative probability distribution of offshore distance of passage, L, for along-
shore hurricanes.

To generate a parameter (say R) in accordance with the statistical distribution,
a random number is generated between 0 and 1 and the associated R value interpolated
from the cumulative probability distribution. Since the cumulative probability
distribution {cdf) is the integral of the probability density function (pdf), the
slope of the cdf is proportional to the probabi]ity of occurrence and thus the

method above yields the correct population of the parameter (in this case, R).

2.4 General Overview of Storm Surge Numerical Models and Procedures

In the establishment of the return period vs storm surge relationship, two
numerical models were employed to obtain the best combination of accuracy, detail
and economy. The first model employed is a two-dimensional {2-D) variable grid
numerical model and may extend over a shoreline length of 100-200 n.mi. The
purpose of the 2-D model is two-fold: (1) to verify and develop confidence in
the 2-D model by comparing predicted storm surges with those caused by storms of
record, and (2) to provide a data base of storm tides for calibration of the
faster and more economical one-dimensional (1-D) model. As inferred, the 2-D

model is much more expensive to run than the 1-D model. The ratio of run times |

is approximately 200:1 to 400:1.
The flow chart presented in Figure 11-14 describes the general methodology

and relationship of the two numerical models to the overall computational process.
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Rank storm tides
and calculate
return periods

The following sections describe each of the two numerical models, with

illustrative examples from Charlotte County.

2.5 Features and Solution of the Two-Dimensional Numerical Mudel

As noted previously, this is a variable grid two-dimensional model for the
offshore and coastal areas which affects the generation of storm tide for the
particular county of interest. For Charlotte County, the grids of the model
are arranged in such a way that

1) fhe finest grids cover the coastal areas of Charlotte County to yield
detailed information for the study. Fine grids are also used in locations where
calibration of the model results against measured storm tides is going to
take place.

2) The coarsest grids covér the north, south and seaward model boundary
areas where detailed information is not needed.

3) A number of grids varying gradually in size are usgd for the transition
from the coarsest to the finest grids.

This arrangement of the varying grid system of the two-diménsionaI mocel
gives good efficieney of computing time uvtilization.

The size of the finest grid is 1,000 ft. x 5,000 ft. and the coarsest
50,000 ft. x 35,500 ft. The two-dimensiona) model covers an area of 188.3 n.mi.
X 167.0 n.mi. with the eastern side in approximate orientation with the
shoreline of Charlotte.County. Figure I1-15 shows the grid system layout.

The two-dimensional hurricane model is an implicit finite difference system
in which the three governing differential equations are the two vertically
averaged equations of momentum and the equation of continuity. The solution to
the equations is carried out by a fractional time step procedure. The advantage
of this fractional time step procedure is that it is time and space centered to

first order. The finite difference equations appropriate for implicit solutien

20
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are solved by the “double sweep"method, and will be described later in this section.

The surface (wind) and bottom (friction) shear stresses, the barometric pressure,

188.3 n.mi. R
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Inlets and barrier islands which are too small to be resolved by the
normal grid sizes are represented in the model by a special treatment. The

boundary conditions specified on the two-dimensional model are that the water

? unifornly
; ﬁ;”?w ijid' surface displacement on the boundaries where water is present are equal to
- . n.rd.
£ 5 constant ¢zids . . .
Ve 4.1 nomi the barometric head, due to atmospheric pressure variations. The normal

discharge at these boundaries is that necessary to satisfy the volume requirement
by the\rising and falling water surface encompassed by the boundaries. Although
this is an approximation, if the boundaries are sufficiently distant from

the site of interest, any extranesous effects of this approximation should be
small. The second type of boundary condition is the no-flow requirement which
ensures that the flows are zero normal to grid lines where land elevations

exist that are higher than the adjacent water elevations. At times when the

=51.2 n.ni.
' elevation of a rising water surface exceeds the land elevation of an adjacent
s
i grid block, that block is flooded by a simple algorithm and vice versa for
i °, the "deflooding” from grid blocks at times that the falling water surface
i S e H cans:a:zc grids
= G =4-1 n.mit leaves a block exposed. The effects of vegetation on bottom and surface friction

factors are accounted for in an approximate manner.

e 11 uniformly
T 14 constant varying grids
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Governing Differential Equations For Two-Dimensional Numerical Model
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grids=10.2 n.mi. “9.3 nomd. The governing differential equations for the two-dimensional model are the

two vertically averaged equations of momentum and the equation of continuity,

: R iven by:
Figure I1-15. Grid System Layout for Charlotte County s g
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= volumetric transport components per unit width in
the {;} directions
= time
= total water depth (h+n) including the still water depth,

hs and the storm surge,

storm surge above mean water level

horizontal coordinate, directed offshore

"

horizontal coordinate direction according to the

left-hand coordinate system

gravitational constant

= mass density of water

barometric pressure

= wind. shear stress components in the {;} directions

X
i = bottom shear stress components in the { ;} directions
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f = parcy Weisbach friction coefficient

B = Coriolis parameter = 20 sin y

Q = angular speed of earth rotation = 7.27 x 107% rad/sec
13 = latitude of site of interest

The surface and bottom shear stress components are related to the wind

speed W and discharge components by

T
w W
X = pKW X (11.4)
T, e Wy
y
b
X = eflal % la] = ,/q Z4q2 (11.5)
T 2 q % y
b 8D 'y
y
in which K is an air-sea friction coefficient developed by van Dorn (3);
and depends on the wind speed as follows:
{11.6)

NCY‘

1.1 x 10°° for WeM
K = :
1.3 x 108 + 2.5 x107° (1 - W.—)2 for W2

where W . = 23.6 ft/sec.

The quantity, f, is the Darcy-Weisbach bottom friction coefficient and varies

with depth, bottom roughness and vegetation, if present. For purposes of

thie study, T was developed by Christensen and Walton { 4} of the University of

Florida and is presented jn Figure 1I-16.

Finite Difference Forms of Governing Dj fferential Equations

The finite difference representations of Equations {111}, {11.2) and (11.3)

24
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qa, 49
are expressed as follows with the convective terms (i.e., 1} 73? , etc,) omitted

in preparation for an implicit type of solution. The solution to the equations
will be carried out in a fractional time step procedure. This procedure is
schematized in Figure 11-17. The advantage of this fractional time step procedure

js that it is time and space centered to first order,

The finite difference equations for the first portion of the fractional

time step that are appropriate for the implicit method of solution are:

n+k n+l n+ds - 11.7
Apni, g+ Byag 6yt D (r.7)
1 n+lg n+l
Ar "t + Bt i s cr g = D* , (11.8)
T %441, 5 1,3 i xi,j i

where Eq. (11.7) represents the momentum equation in the x-direction and Eq. (11.8)
represents the continuity equation; these two equations are to be solved simutaneously.
The second set of simultaneous equations which is solved subsequent to the solution

of the first set is

Nl n+l n+l
Aj g Byt Gt Tl (11.9)
n+l n+l n+l
A* q - + B%¥ n + C* q = D% (11.10)
J ‘yi,j"'l S P% J -Vi,j J
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Notes: (1)
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Figure I1-17.

vertical links denote equations which are solved
simultanteously.

Values adjacent to the horizontal bars indicate
the time level of the different variables entering
into the computations.

Schematic of Implicit Method of Solving Momentum and
Continuity Equations
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Inlet and Barrier Island Representation as Hydraulic Elements

Inlets and barrier islands represent features which are too small to be
resolved by the normal grid sizes (= miles) of the numerical model. Thus, these
features are termed “sub-grid" features and must be represented by a special
treatment.

The domain of interest here is the two adjacent half grid blocks with a
sub-grid feature imbedded in the grid line common to the grid blocks, see
?igure 11-18. The grid line can be oriented in either the X or y-direction and
here is indicated generically as in the f-direction with the dirvection of flow
occurring in the s-direction. The sub-grid feature can consist of the following
combinations:

a) a barrier of a prescribed height, and frictional
characteristics, extending over the full length,

DL of grid line,

b) a barrier of prescribed height, width, Ws, and
frictional characteristics. The remaining width,
(oL - wB), of the grid line is considered too

high for flow to occur over the top,

c) a barrier of prescribed height, width and
frictional characteristics with an inlet of
designated width, wI, depth and frictional
characteristics occupying a portian of the

grid line length.
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LEGEND

Barrier of
Infinjte Elevation
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Specified
Elevation

Inlet

The computer program allows flow to occur over the barrier if the
average water elevation as determined from the rwo adjacent grid blocks exceeds

the barrier elevation. In addition the appropriate flow cccurs through the inlet,

‘if present.

The section below describes the methodology “for representing the
barrier/inlet features and of incoi-pora:!.ng this representation into the

numerical formulation.

Methodolo

Consider the following simplified form of the monentum equation

expanded in the s direction (direction of flow).

3q £ lq la .
__.3:3 --g (h+n) %’l - —23 32 (x1-11) \
8(h + n)

in which 9 is the average discharge per unit width in the s-direction and
h + n represents the total water depth. The application of Eq.{(II-1l) s relatively

straight forward to a normal grid block in which there are no sub-grid features.

This results in the following finite difference form. -
ln" 0 ’
n+l 1 n — 17 4 (11-12)
qsi " F, qsi - F) gl DS
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in which

Elaglor (11-13)

8(hn) 2

In order to utilize the existipng framework for solution of the finite

difference equations, Equations (I1-12)and (~13) are modified slightly to

n+l | 1 n o ot -t )
q, +%r q -F, 8 ° g7 1 1-1 (1I-14)
3, Fp sy 1 (hen) s

The paragraphs below describe the rationale for determining the
factors Fi and Fé.

The only invarjant in the flow in the s-direction is the total discharge.
Thus we first integrate Eq.(IX-11)over the f~-direction to obtain Q, then integrate
over the s-direction between the centers of the i-1 and i grid cells. The
result of the first integration is

3Q ) £ wqlq]
8(ht+n)

(11-15)

in which W represents the local width at some locations, i.e. W=W(s). The

last term which represents the flow resistance involves a sum gince the flow
properties at, various locations along the grid line differ. In order to express
this flow term as a funciton of Q|Q|, we consider that the flow over the grid line
will be friction-dominated, i.e., equations the head loss across the grid line

and introducing entrance and exit loss terms.
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2 2 2
an 19 P8y Kenteyd18 g U Doy
cL ” 3 2 ) 3 2
Bg(h+n)l Wi 2g(h+n)I Wy Bg(h+n)B y
2
(K _+K ) Q
3B
¢ (11-16)
Zg(h+n)B WI
or
a
B, |4 (11-17)
Qr o
in which
o - fI Da, (Kenﬂ(ex)I (11-18)
1 3,2 o2 2
8(Hn) T W Uy (hin)y
and a similar expression applies to a,. Eq.(II-15)can now be expressed as
3Q 3
8 .- an 11-19
at gH (ivtn) -1 6 Qlesl ( )
where G = ———£—2§i~ , Normal Section
8(h+ )W
r 3
Gy =u1WI(h+n)I , Inlet Only Present and Active
Sub-Grid
Contri-~ Gy = uBWB(h+n)B , Barrier Only Present and Active
bution . (11_20)
1 . G GB Both Barrier and
G,.= 1 + 7| » Inlet Present
: 1B %y 2 % and Active
1+ ' 1+ o
L ) B I J

To carry out the integration of Eq.(II-19)in the f-directien, it

is necessary to know the approximate

Eq.(1X-19)reveals that

an

distribution of a8

with s. Inspection of
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L !
: 11-21
a8 wm (h+")n ( )

“where
1,1 1f inertia-dominant

m,n =
2,3 if friction-dominant

For purposes here, we will consider that

an 1
m_ 1 (11-22)
38 () 22

in which K represents a constant to be determined by equating the result from
integrating Eq. (II-22) with the total (known) An between the centers of the

two adjacent grid cells. For the grid-line where both inlets and barriers are
present, the right hand-side of Eq. (II-22) will be represented by the respective

widths of inlets and barriers. The result is then

R Ds, N Da, Wy . L
2.2 [T 22 22
(h+nl.) Wy IR (h+n)1wI (h.+n)BwB
Ds3
> (11-23)
(h+n)3w3 .
2K u

which defines u as the bracketed term in Eq. (I1-23). Eq. (II-19)can now be

intetraged over the total length of the domain of interest to yleld
30, 2n - '
Ds 3% gZW_ (bn)_ [ az] 8s - QJalz6 as (11-24)

which can be simplified to
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3 KA - '
DSB’%"ngﬁ)‘— - ofalz6, as (11-25)
8 8

in which the sub-grid term entering into the two summations should be considered
as effective values and will be expressed in detailed form later. Reducing
Eqg. (II-25) o the form of Eq.{II-11)by dividing by (D1 - DS), and inserting the

expression for K

An_ As
89 __B s _Dbs )
at © ~ DLDS > oW_(brm), DL alalzc, s (11-26)
29 . An 1 As L
oe =~ 80+ Ty Spithem 2wy~ b8 lal 26,0 (11-27)

Thus, by comparison with Eq.(II-14) we see that the expressions for Fl and Fz are

1 Ds, ’ Ds, )
F) = + L
L pu@ETm O O I T CTON
w
b B ] i (11-28)
L (hin) B (hn) 3
' oL
Fy = 1.0 + oo [GI +6, + (6, 65 or GIB)] lq|pT (11-29)

This completes the description of the treatment of the sub-grid features.
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Boundary Conditions

Jo complete formulation of the problem, boundary conditions must be
specified at the boundaries of the grid presentedlin Figure II-150n the “open"

{water) boundaries, the water surface is specified to be that associated with

the barometric pressure, i.e.

P, - P s
ng. =1 651;1_) {11-30)
1,J

in which p_ denotes the far field barometric pressure. In addition, on the
open boundary grid cells, it is specified that only discharge components
perpendicular to the boundaries occur and that these discharges on the exterior
boundaries of the grid systeh are those required to satisfy the continuity
equation (Eq. 11-8).

On the "closed" boundaries, i.e., at the shoreline where land elevations
are higher than the adjacent water elevations, a no~flow boundary condition is
specified perpendicular to that boundary. However, "flooding” and “deflooding"
of grid blocks adjacent to the boundaries can occur. Flooding occurs when the

water level is greater by a specified small amount than the ground elevation

of an adjacent grid block. When this condition exists, the grid block is activated
by a simple allocation of this excess elevation on the newly activated block and

in subsequent time steps the grid block is incorporated into the normal calculztion

scheme. Deflooding occurs when the water level on a grid block drops below &

specified level leaving a very small depth on that block. The block is "deactivated”

and the excess water placed on the adjacent grid.

The solution is started from an intial condition of zero water surface

displacement and zero discharge components. The hurricane system is translated

élong a specified path at a designated speed. At each time step, the hurriczne
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effects (represented by the pressure and wind stress components) on each cell
are calculated and the finite-difference equations (Eqs. (11-7), (11-8), (11-9)

and (I1-10) employed. The results are updated values of n, a, and ay for each cell,

Implicit Solution of the Finite Difference Equations

The solution for each time step progresses by first solving Eqs. (II-7) and
(11-8) simultaneously for each j grid line sweeping over all values of i. This

establishes the values of ™!

and q;+] for the entire (i,j) field, The pro-
cedure is then repeated for Eqs. {II-9) and (I1-10) in which this pair of equations
is solved simultaneously for n"+1 and q;+] for the entire (i,j) field. This

latter pair of equations is expressed sequentially for each value of i, then solved
for all values of j, for that particular { grid line. The expressions for the

various coefficients are presented as follows:

. o) At
A, g(h+n) ax

flq-“-lAt
Bi =] 4 edad
: 8(hn)
Gy = <A
Tw
D; =q, +At [ (han) 2p , _%i,j (@
1,] p ax p -8 qy)

% = At

M AX
B? =»1 0

* o . _At
C1 4Ax

36



37

i-1 AiE‘i+Bi >

F‘{( . WL
i~1 AiEi+B‘i
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p¥ = 7 | - 1t q" - q" . Bt q" - q" With the coefficients specified as detailed in Section 11.1.5.2, the method
i i,J 4 Ax Xi41 X5 28y Yi,je1 Yili
’ oo of solving the sets of simultaneous equations will be described. The method is
_n 1 n n n n termed the “double sweep" method in which the first sweep involves "conditioning”
q = o q +q +q + q
¥i,3 4 [ Yi-1,j Yi,3 yi--l,j+1 -y1',j+1] two sets of auxiliary ceefficients (Ei’ Fis E"!'. Fg). The second sweep determines
n n 2 N > the values of n and q and, in the process, incorporates the required boundary
= + -y
qyi‘j \/(qxi,j) ( 'y1.J) conditions, The procedure will be illustrated for Equations (II-7) and (11-8) and
— it is noted that the same exact procedure is applicable to solving Equations (I1-9)
A. 9(h+n) _A_E
J 2 Ax and (I1-10). The procedure commences by establishing two auxiliary equations with
flq',i1 let four variables (Ei' Fi’ Ef, Ff) which are initially unknown,
B. =1+ e
J 8(hem)
€y = A ,,;‘*‘J? - E q)':fl'+ Fs (11-31a)
[ — ? L]
.n g{h+n}) ( n n (h+n) ap 1
0y =19, +at [' At{ng 5= Ny g1 )" T AT S
i Yi,j 28X i, i,J-1 o 3y qxi+1,j i "4, H (11-31b)
Twy Egs. (II-31) and (11-32) are substituted in Eqs. (1I-7) and (II-8) and the
i, —= N
+ “"p"‘l + 8(q,) ] results simplified to yield
C, D.-A.F
—n 1 n n n n el i n+ly i1 (11-32a)
4 =7 9 .4 +q + 9, ;7T AEAB, Mi-1,3 Y RE4E, -
TS LT T B T8 5 TS U R P I B *i,5  AEiBy LI AR,
C* D¥-A*F¥
" 2 2 N+l i n+l i1 {11-
n _ n n = - 11-32b)
q = q + [a i *Exrar Y, | Y RERET
*i,3 J( "m‘) (yi,j) T3 MERET ey 5 AJERY]
Comparison of Eqs (II-31) and (11-32) establishes the values of the unknown
% - ot ’
A.J' 25y coefficients (E, F, E*, F*) in terms of the known coefficients (A,B,..., A*B*,...}.
B% = 1.0
d The expressions are
£y = =& cx D*-A%F?
e Ey= - mEwey ¢ Fi T e (11-33)
or = o0 L ( n n _at [ nel g+l A i-1*%)
J i,d  4ax xi+1.j i3 4Ax xi”’j xi,j c. D.-AF
- £ . = i i1 (11-34)



To illustrate the manner in which boundary condition information is in-
Dynamic Wave Set-Up

corporated into the procedure, suppose that water surface level, n, is specified

at i = IMAX and that ay is specified as zero at j = 2%, The first sweep COMMENces When waves break, a shoreward directed force in addition to the wind stress,

by noting (from Eq. (I1-31a) is exerted on the water in the surf zone, This causes an additional rise in water
level termed "wave set-up", This effect has been studied extensively in the

£ 0.0

THAX ~ (11-35) laboratory {Saville (5), Bowen et.al., (6)), and tide gage measurements during

= ol
Fruax = NIMAX, ] severe storms have confirmed its importance in nature, Most of the information

relative to wave set-up has been developed for "regular" waves, that is for a

With the values of Eqny and Fruay known, Efmax-1 and Flyax.y can be calculated ) )
wave train in which each wave is the same as the preceding wave. Waves in nature,

from Eq. (11-34), then values of Ermax-1 @nd Fryay-y computed from Eq, (11-33)
. however, are not regular and tend to occur in groups. A recent analytical study

and so on. E; and F? are set equal to
by Lo {7) has shown that for natural wave trains there is a dynamic wave set-up

* o Fk = _n .

Ei Fi 0.0 . (11-36) that is approximately 50% larger than would be predicted by a static treatment.

in accordance with the boundary condition and Eq. {II-31b). This completes the In order to evaluate this result, model studies were conducted in the large

first sweep and establishes all the coefficients over the grid line. University of Florida wave tank., It was found that the experimental and analytical

 The second sweep simply consists of applying Eqs. (1I-32) from small i to results by Lo were in approximate agreement.
large 1 (IMAX). In summary, the “double sweep" procedure as presented here, pro- The maximum dynamic wave set-up, n!  , across the surf zone can be shown
gresses from large 1 to small i for the first sweep (conditioning the E, F, E*, F* to be approximately
coefficients), and then progresses back from small i to large i for the second Hb y
) P= 0,285 |1 - 2.82 H 1-37
sweep (determining the n, a9y values from the coefficients). "max [ (;;f) ] b & )
It can be shown that this procedure results in an exact solution of the tri-
P which includes the dynamic factor of 50% and in which T is the wave period and
diagonal set of simultaneous equations represented by Eqs. ({I-31). As noted T .
g 4 P y Eas. ) Hy is the breaking wave height based on the deep water significant wave height, H_,
previously, the same procedure is then applied to solve Egs. (II-9) and (11-10)
th taken approximately as
which completes establishing n, a, and qy at the (n+t1) ™" time step. "b - 0.04 K (11-38)
o
? It is noted that other combinations of boundary conditions at the two ends The deep water significant wave height is determined from an extension of a

of the grid line could be accomodated. Also, internal boundary conditions
of the type q:+1 = 0 are satisfied by the choice of coefficients: E?_]=F?_]= 0.
i
" . Protection Manual (8),

method recommended for hurricane generated waves as summarized in the Shore
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0.208 v

R(ap/100) (4 , Fy C(11-39)

(Ho)max = 16,5 e

&

where R = radius of maximum winds in nautical miles, ap = central pressure
deficit in inches of mercury, VF = translation speed of hurricane in knots,
and UR = maximum sustained wind speed in Knots. For purposes here the local
effective deep water significant wave height is based on the local winds, U,
at the surf zone area of interest and the maximum winds in the hurricane, Uma¥

as

y,2
o = Ughay (g~ ) (11-40)

Equations 22, 23, 24 and 25 provide the basis for determining the maximum
dynamic wave set-up within the surf zone. The computed vélue of “ﬁax was
added to the nearshore storm surge. It is stressed that “éax represents the
maximum dynamic wave set-up across the surf zone and that this value varies
witﬁ time {since the wind speed varies with time). The value of "&ax was
tomputed at each time step for the shoreward grid, and added to the corresponding
surge value resulting from wind stress, barometric pressure and the effect of
astronomical tide to yield the combined total storm tide history.

With this combined total storm tide history thus determined, it is a

simple matter to search in the computer to obtain the maximum of the combined

total storm tide at the site of interest.
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2.6 features of the One-Dimensional Numerical Model

As noted earlier, a simple one-dimensional numerical model was developed
and calibrated to allow the statistics to be generated based on simulation
(calculations) of many storms and associated storm tides,

The one-dimensional numerical model is described as follows. A transect
line is established along a line which is approximately perpendicular to the
bottom contours. The characteristics (ap, R, 6, Vg and track) of the hurricane
are defined and the hurricane is advanced along the track line. The water sur-
face displacement (boundary condition) at the seaward end of the transect line is
taken as the static response of the water surface to the barometric pressure
deviation at that point. The locations of the three transect lines for Charlotte
County are shown in Figure I1-15. Figures 11-19 , 1I-20 and II-21 present
the profiles of the three transect lines and their one-dimensional grid represent-

ations.

Governing Differential Equations For One-Dimensional Numerical Model

The one-dimensional numerical modelris significantly less expensive and
simpler to run and is used in the long-term simulation phase, in order to generate
the required data within budgetary constraints. The justification for using the
one-dimensional model is that it can be adequately calibrated with the rather
complete two-dimensional model.

The one-dimensional numerical model is the Bathystropic Storm Tide model by
Freeman, Baer and Jung (9) and is static in the x-direction model. The governing

differential equations in the x and y directions are:

on_ 1| Twx | _ s .
6x gD [ p qu] pg 6X (11.4])
do, (11-42)
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Chorlotte County - South Profile
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in which all variables are evaluated along the transect line perpendicular to

shore and passing through the site.
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Finite Difference Forms of Governing Differential Equations

The finite difference forms of the governing one-dimensional differential

equations (Egqs. II-1) and (11-2) are:

n+) 1 n At

q, =gy la, +==1 ] {11-43)

Y; BB Ty o op wyi

K AL
nlo_ontT | Ax i_ . ot i T Fin -
ni_” n,- + — [ P - B qG ]+ og (II 44)
gDi i
where
£+ atfq) |

BB = 1.0 + —p—Yi_ (11-45)

i

where the variables are as defined previously for the two-dimensional model.

Initial and Boundary Conditions For the One-Dimensional Model

The one-dimensional model is initiated from a condition of rest (qy = @) and
zero water surface displacement (n = 0). The only boundary condition required is
that at the seaward end (i = 1) of each transect where the "barometric tide® is
imposed as

p,,' p'l

(11-46)
pg

Explicit Solution of the Finite Difference Equations )
Eqs. (1I-41) and (11-42) are solved sequentially for each time step with the

hurricane advanced along its specified track with the initial position of the
hurricane at a sufficient distance to allow the longshore transport qy to be free
of any artificial transients. The solutions of these equations are straight
forward and free of any potential instabilities. At the landward grid the wave
set-up is superposed as described previously for the two-dimensional model

(Section 2.5).

47

2,7 Long-Term Simulation

With the statistical characteristics of historical hurricanes available and
the simple one-dimensional model calibrated as described previously, the long-
term simulation (500 years, generally) is carried out. The first phase of the
simulation comprises the selection of the hurricane characteristics in accordance
with the historical data. In each storm, this involves the following (also,
see Figures I1-14 and I1I-22).
1) Quantifying ap, R, VF,o and hurricane track in accordance with the historical
probabilities (Section 2.2).
2) For these characteristics, a random astronomical tide from the hurricane
season is generated as a boundary condition to the one-dimensional numerical
model and the model is run to determine the storm surge at the site of interest.
This storm surge is then adjusted in accordance with the factors obtained
from the two-dimensional model caljbration runs.
3) For the landward grid and each time step, the contribution due to dynamic
wave set-up is included to yield the combined total storm tide.
4) Determinine whether enough storms have been simulated for the n-year simulation.
5) After the required number of storms and associated storm tides have been simu-
lated, the peak water levels for each storm are ranked and the return period,

TR, is calculated, according to

™= 50 (11-47)

where M is the rank of the combined total tide level. (For example, if the
simulation was carried out for a 500 year period, the highest combined total
tide Tevel would have a return period of 500 years, etc.) Finally, by
presenting these results on semilog paper, it is possible to interpolate

for the return periods of interest, i.e., TR = 10, 50, 100 and 500 years,
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[11. APPLICATIONS OF STORM SURGE METHODOLOGY WITH SPECIFIC ILLUSTRATION BY
EXAMPLE TO CHARLOTTE COUNTY

3.1 Two-Dimensional Model {Appendix A)

As noted previously, the two-dimensional model is first verified using storms
of record and then empioyed to generate a data base for calibration of the one-

dimensional model.

Verification With Storms of Record

Several examples will be presented comparing measured and calculated storm
tides for storms of record. In these comparisons, an attempt was made to extract
the astronomical tide and only tide measurements were generally used for comparison
since the more abundant high water marks can be shown to contain significant
extraneous effects, The calculated storm tides were based on a parameterized
hurricane which is undoubtedly responsible for some of the differences between

the measured and compiled tides, The parameters were allowed to change along the

hurricane path in accordance with measurements of these parameters.

The only appropriate storm tide located for calibration for Charlotte County
was the September, 1947 hurricane. The parameters for the 1947 hurricane used
for input into the program are presented in Table III-1, Water level measurements
were available at three locations: Manasota Bridge, Venice and Fort Meyers and
the comparisons are presented in Figures 111-1, III-2 and II11-3, respectively. It
is seen that although the peak surges due to this hurricane were not large (= 4.0 ft),
there is generally reasonable agreement between the peak measured and measured
storm surges, with the maximum deviation being approximately 0.5 ft for the
Manasota Bridge (Figure II1I-1). )
Comparisons conducted for Franklin County included Hurricanes Agnes (1972) and

Eloise (1975) with measurements available from the St. Marks tide gage. These
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TABLE I11-1

Input Parameters for Calibration lurricane

Hurricane of September 1947

date time Ap VF R °u
(EST) (in.Hg) (knots) {n.mi.) {degrees)
9/17 1900 -1.395 5.4 34.0 90.0
97123 0100 «1.95 6.6 34.0 107.7
0700 -1.95 13.1 T340 117.3
1300 -1.85 17.9 34.0 116.5
1900 -1.95 22.3 34.0 122.6
9/19 0100 -1.40 21.0 3.0 121.6

Starting coordinates:
Xs = 43.8 n.mi.
Ys = -60.5 n.mi.

Landfalling coordinates:

X
Y

F
F

4.2 n.mi,
78.71 n.mi.

SEPTEMBER 1947 HURRICANE - Monosolo Bridge

5
4 - ~"‘~<u‘
- —~
- T~ kneosured
e — ——"""""‘—-_~\ "~.~ - ’x
=) ///""” ~\‘*~\‘~\~ - 1~--.—.-‘_."""'“""--q
> .
g 3
e

)
& Wi
ol
g - S
[7p]
P
24
(o]
}—
%3] i

[¢]

9 10 1 12 13 14 13 6 17 i8 19
TIME {Hours)

Figure 111-1,

Stplember 18, 1947

Comparison between Measured and Computed Storm Tide at Manasota
Bridge, Florida for the September 1947 llurricane
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STORM SURGE (Ft-NGVD)
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Comparison between Measured and Computed Storm Tide at Venice,

Florida for the September 1947 Hurricane
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STORM SURGE (FtNGVD)
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Figure 1I11-3. Comparison between Measured and Computed Storm Tide at Ft. Myers,
Florida for the September 1947 Hurricane
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TABLE 111-2

Input Parameters for Calibration Hurricanes

input data for these hurricanes are presented in Tables III-2 and 111-3 and
Hurricane Agnes (June, 1972)

the comparisons are presented in Figures I111-4 and 111-5 for Hurricane Agnes

" and Hurricane Eloise, respectively, For Hurricane Agnes, the peak measured tide

exceeds the computed by approximately 0.8 ft, whereas for Hurricane Eloise, the date time Ap Ve R oy
peak computed tide exceeds the measured by approximately 0.5 ft; on the average (EST) (.m 9) (n. mi.) (n. mi.) (degrees)
this is considered reasonable agreement. 6/18 1900 -0.92 12.0 20 180.0
In the CCCL study for Nassau County, comparisons were carried out for Hur- 6719 0100 ~-1.04 13.0 20 180.0
. . . ) 700 -1.04 . .
ricane Dora (1964) and Hurricane David (1979), using the input parameters presented 070 ! 11.0 20 184.5
1300 -0.89 9.7 20 201.11
in Tables IlI-4 and I11-5, respectively. Measurements were available at Fernandina 1900 ~0.79 10.0 20 205.8
Beach and Mayport. The comparisons are presented in Figures I11-6, 111-7, I1I-8 6/20 0100 -0.68 11.2 20 224.4
and I11-9. 1In general the average agreement is considered good. .
Starting coordinates: Landfalling coordinates:
In summary of the comparisons shown {and others available but nct shown for X = 220.2 n. mi. Xp = 4.2 0. mi.
Dade, Broward and Walton Counties), the agreement between measured and computed Y, = 45.4 n.mi, Yo = 40.2 n. mi.
storm surges is considered good. We regard this comparison/validation phase as
useful in demonstrating the validity of the model and ensuring that the nearshore
TABLE 111-3

bathymetry/topography is represented adequately., Differences that exist in the

peak surges are believed to be due to the wind field structure of the specific Hurricane Elofse (September, 1975)

hurricanes, i.e., a measure of the deviation from the idealized hurricane used as

input and other factors such as the difference in air-sea temperature which in- date . time Ap VF. R oy
fluences the wind surface stress coefficient, (EST) (in. Hg) (n. mi.) (n. mi.) (degrees)
. 8/22 0100 -0.59 10.0 18 175.0
Generation of Data Base for Calibration of One-Dimensional Model 0700 -0.80 7.1 18 187.1
With the two-dimensional model validated, a data base is generated spanning 1300 -0.98 11.2 18 224.3
the hurricane parameters of interest. This data base is subsequently employed 1900 -1.33 15.2 18 223.5
. . . . 4 ich i d A 9/23 0100 -1.63 20.0 18 205.8
for calibration of the one-dimensional model which ncludes more severe approxi- . 0700 1.7 2.5 18 190.5
mations to the physics of the hurricane problem. 1300 -0.91 27.8 18 205.9
To illustrate the range of hurricane parameters included in the data base,
. Starting coordinates: Landfalling coordinates:
Tables 1116, 111-7 and 111-8 present the cases selected for Landfalling,
Xg = 292.2 n. mi, fp = -31.8 n. mi.
Ys = 238.3 n, mi. YF = 76.6 n. mi.
56

55
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Figure t11-5. Comparison between Measured and Computed Storm Tide at St. Marks,

Florida for Murricane Eloise (1975)
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TABLE 111-4
input Parameters for Calibration Hurricanes

Hurricane Dora (September, 1964}

date time* Ap VF . R °N
{GMT) (in. Hg) (n. mi.) {n. mi) (degrees)
9/8 1800 . ~1,48 13.1 20 98.80
0000 ~1.35 8.0 20 104.60
0600 -1.21 10.3 20 112.88
1200 -1.27 6.0 20 120.13
1800 -1,51 6.0 20 99.41
9/10 0000 -1.45 6.1 20 99.41
0600 -1.39 8.7 20 96.62
1200 -1.30 6.1 20 96.62
1800 -1,25 3.5 20 90.00
Starting coordinates: Landfalling coordinates:
Xs = 165.43 n.mi. X = 5.17 n.mi.
Ys = 90.00 n.mi. e = 36.00 n.mi.
TABLE I1I-5

Hurricane David (September, 1979)

date time* Ap v R : 8y

F

(6MT) {in. Hg) {n. mi.) {n. mi.) {degrees)
973 1200 -1.14 10.4 10 150.14

1800 -1.17 8.4 10 162.07
9/4 0000 -1.20 11.3 10 166.07

0600 -1.23 11.0 10 175.52

1200 ~1.23 13.3 10 168.75

1800 -1.23 10.0 10 184.92
9/5 0000 -1.17 10.2 10 189.78

0600 -1.05 14.2 10 190.46

1200 -0.98 14.2 i0 180.46

Starting coordinates: Offshore coordinates:
X = 51.70 n.mi. XL = 15.51 n.mi.
Ys « 150.00 n.mi. YL = -60.00 n.mi.
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IV ke lla TR M}

HURRICANE DAVID - Mayport - | Table 111-6.

8 : s
| I I. I I I ] ] | | Parameters Defining 11 Landfalling Storms Used
In Calibrating The One-Dimensional Model With
The Two-Dimensional Model And The Results
Landfalling Starting
NODEL 8P R Ve ey Coordinates Coordinates "max. {ft. M.5.L.)
(n. mi.) {n. mi.)
STORM -
(1n.<Hg)| (n, mi.){| (n. mi.) {degrees) xF YF xS YS Horth Profile Kiddle Profile South Profile
1-D 2-p -0 2-D 1-b 2-b
1 -1.6 20 12 225 «2.5 {12.0 102,29 | -14.13 9.28 10.64 { 11.03 12.15 11,54 | 12,50
2 | -2.2 20 12 225 -2.5 (12,04 102.29 | -14.13 11.57 | 13.37 {1368 | 15.03 14.33 | 15,83
3 -1.2 20 12 225 -2.5 {12.0] 102.29 | -14.13 7.81 8.86 | 9.33 | 10.27 9.75 | 10.66
4 -1.8 12 12 225 <2.5 §12.0] 102,29 | -14.13 9.47 | 10.30 | 9.95 | 10.24 9.34 | 9.49
5 -1.6 30 12 225 -2.5 {12.0] 102,29 | -14.13 9.27 | 10.81 [ n.13 | 12.5 12.43 | 13.63
I I | | ! I I | ' l 6 ~1.6 20 8 225 -2.5 [12.0 98.41 | -13.16 8.88 9.78 (10.43 ] 11.20 | 10.88 |11.54
o]} 02 03 04 05 06 o7 08 09 10 i 12 ? -1.5 20 15 225 -2.5 {12.0 99.38 | -13.40 9.57 | 10.70 |11.46 | 12,32 12.03 |12.77
Seplember 4, 1979 8 -1.6 20 12 170 -2.5 {12.0 36.20 | -88.83 10.03 { t0.68 {10.31 | 10.73 10.38 | 10.50
L]
9 -1.6 20 12 240 -2.5 {12.0| 105.48 13.88 8.5% | 10.43 }11.03 | 12.64 11,723 {1333
10 -1.6 20 12 225 -2.5 {32.0| 102.29 5.87 10.58 | 12.49 {10.16 | 11.95 9.53 11,3
Figure 111-9. Comparison between Measured and Computed High Water Mayport, Florida for ) 1.6 20 12 225 -2.5 {-8.0f 102,29 | -3.12 2.34 .99 | 230 [R) 4,31 | 5.65

Hurricane David (1979)
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Table III-7,

parameters Defining 11 Alongshore Storms Used

In Calibrating The One-Dimensional Model With

The Two-Dimensional Model And The Results

Offshore Starting n
MODEL AP R VF BN Coordinates Coordinates 'max. (ft. M.S.L.}
{n. mi.) (n, mi.)
STORH i Widdle Prpfil South Profile
(in.-Hg)} {n. mi.)| {n. mi.)| (degrees) noln xs YS North Profile e Prpfile ou r
1-D 2-D 1-D 2-0 1-D 2-D
1 1.6 20 12 150 0 |12 41.88 | -95.98 4,83 4.81 | 4.95 4.81 5.02 | 4.65
2 | 2.2 20 12 150 0 |12 41.88 -95.98 6.54 6.38 | 6.71 6.36 6.82 | 6.22
3| -2 20 12 150 40 |12 41.88 -95.98 3.73 .77 | 3.8 3,77 3.86 | 3.65
& 1 .16 20 12 150 40 {12 41.88 -95.98 4.83 4.81 | 4.35 4.81 5.02 | 4.65
5 | -1.6 12 12 150 40 |12 41,88 -95.98 3.10 2.99 | 3.8 2.95 3.24 | 2.88
6 | -1.6 30 12 150 4 |12 a1.88 | -95.98 6.69 6.75 | 6.84 6.77 6.92 | 6.57
7| .16 20 8 150 a0 |12 41.81 -91,98 4.68 238 | 4.80 4.37 4.87 | 4.20
g | -1.6 20 15 140 0 |12 23.57 -51.71 4.35 4,08 | 4.53 4.14 4.68 | a.02
g | .16 | a0 12 160 0 |12 §0.61 -94.02 5.46 5.71 | 5.51 5.65 5,50 | 5.43
10 | -1.6 20 12 150 18 |z 19.88 -95.98 7.33 7.47 | 7.29 7.44 7.5 | 7.18
1 1.6 20 12 150 62 |12 63.88 -95.98 3.28 3.50 | 3.37 3.53 3.42 | 3.43
Table III-8.
Parameters Defining 11 Exiting Storms Used
In Calibrating The One-Dimensional Hodel With
The Two-Dimensional Model And The Results
Exfting Starting n
MODEL aP R Ve e Coordinates Coordinstes max. (ft. M.5.L.}
(n. mi.} {n. mi.)
STORK 1l #iddle Profile | South Profile
U ftnoHg)| (. mi)| (n. mil}| (degreest| X | Yp Xg Y Horth Profile :
1-D 2-D 1-0 2-D 1-D 2-D
1| -1.4 20 12 100 -2.5 | 12.0] - 8401 | -sg.85 | 7.14 6.53 | 7.94 7.3 B.23 } 7.53
2 1 -8 20 12 100 -2,5 | 12.0f - 84.01 | -58.8% 7.93 7.19 | 8.80 8.10 .11 } 8.25
3 ] -1 20 12 100 -2.5 | 12.0] -sa.00 | -sa8s | 5.97 .56 | 6.66 | 6.29 6.52 [ 6.45
4 ] 1.4 12 12 100 | -2.5 {12.0 - s4.00 | -s8.85 6.8 | 6.46 ) 7.24 | 6.87 6.82 | 6.49
5 | -1.8 30 12 100 -2.5 |12.0] - sa.01 | -58.85 7.43 6.71 | 8.29 7.53 8.88 | 7.51
6 | -1.4 20 8 100 -2,5 | 12,00 - 80.99 | -56.23 7.22 6.53 | 8.07 7.3 8.40 | 7.57
74 -1.4 20 15 100 -2.5 |12.0] - 8174 | -s56.89 | 7.07 6.56 | 7.8l 7.3 8.07 | 7.38
g | -1.4 20 12 80 -2.5 [12.0} -103.33 | -26.70 6.12 5,50 | 7.63 7.00 8.14 } 7.46
] -1.4 20 12 120 -2.5 [12.0} - 54,86 | -82.46 8.00 7.71 1 B35 8.07 8.47 | 8.02
10 | -1.4 20 12 100 -2.,5 }32.0] - 84,00 | -38.85 7.70 7.58 § 7.4 7.27 6.95 | 6.85
i o-1.4 20 12 100 -2,5 }-8.0| - 84,01 | -62.85 6.35 5.66 | 7.43 6.7 8.06 | 7.21




Alongshore and Exiting Storms in the Charlotte County vicinity. Note that eleven and 111-8 and in Figures 111-10 through III-12. In each of these nine graphs,
storms are selected for each hurricane path category. The last columns in these best fit least squares curves are shown of the form
tables contain the maximum storm surges for the coastal terminus of the three

transects shown in Figures I1-19, I1I-20 and 11-21 and will be discussed in the (“max)Z—D =K {n (111-1)

max)1—D
next section,

where for perfect agreement, a value of unity would be obtained for K. For
3.2 One-Dimensional Model (Appendix B)

landfalling storms, the range of K is 1,09 to 1.14, and the associated ranges
In the following, the results will be presented of calibrating the one-
for alongshore and exiting storms are 0.93 to 1.00 and 0.93 to 0.94, respectively.
dimensional model with the data base generated by the two-dimensional model.

These values are reasonably close to unity and are employed in the subsequent
In addition, the results of the long-term simulation will be illustrated.
long-term simulation which uses the one-dimensional model.

Calibration With Two-Dimensional Model Results Table 111-9 presents the ranges of K values for the three categories of

The one~-dimensional numerical model represents the physics of storm surges storms and all Counties completed to date,

in a much greater simplified manner than does the two-dimensional model. Simpli-
3.3 Long-Term Simulations

fications in the 1-D mode) include, but are not limited to:
As noted previously, long-term simulations are carried out using the one-
a) The onshore dynamics of the storm surge are not
dimensfonal numerical model, usually for a duration of at least 500 years. The
represented,
study of historical occurrence ensures along with the directional distribution
b) Only the hurricane pressure and wind stresses
(presented for Charlotte County in Figure II-5) that the correct number and cate-
along the transect selected are taken into
gory of hurricanes are selected.
account, and
The long-term simulation is carried out for each transect selected, the peak
¢) Convergences and divergences of flow are
: total storm surges ranked and their return periods calculated in accordance
not represented.
with Eq. (11-47).
Because of the omission of these and other realistic features from the one-
For Charlotte County, five 500 year simulations were carried out and averaged
dimensional model and the comprehensive nature of the validated two-dimensional
for each of the three transect lines. The return period vs peak total storm
model, the latter is considered as a reliable basis for calibrating the one-
tide relationships for these transects are presented in Figyre III1-13 and are
dimensional model.
summarized for selected specific return periods in Table III-10, It is seen
Comparisons of the one-dimensional and two-dimensional peak surges along the
that the 100 year peak storm tide ranges from 12,7 ft (above MSL) for the southern
three transect lines for Charlotte County are shown in Figures 1I-19, 11-20 and 11-21
) profile to 13.1 ft for the northern profile,
and  for each of the hurricane categories are presented in Tables I11-6, 111-7
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Correlation Coefficients For Counties Completed to Date

TABLE 111-9

Values of 1-D/2-D Peak Storm Surge

Range of X
For
Landfalling Alongshore Exiting

County Date of Study Hurricanes Hurricanes Hurricanes
Broward 1981 1.07* 1.07* ek
Charlotte 1984 1.09-1.14 0.93-1.00 0.93-0.94
Dade 1981 1.03 1.34 1.13
Franklin 1983 0.95-1.18 ekl dek
Nassau 1982 0.93-0.99 0.84-0.90** 0.84-0.90**
Walton 1982 0.99-1.05 okl Wk

*The calibration of the landfalling and alongshore hurricanes was combined,

**The calibration of the alongshore and exiting hurricanes was combined.

***Due to their very small relative frequency of occurrence, alongshore and
exiting hurricanes were not included.
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TABLE I1I-10

Combined Total Storm Tide Values for Various Return Periods

Return Period,

Combined Total Storm Tide Level* above MSL (ft)

TR {years) North Middle South
500 15.3 15.0 15.0
200 14.1 14.0 13.8
100 13.1 12.9 12.7

50 11.7 11.5 11.4
20 9.3 9.3 9.0
10 6.8 6.8 6.7

*Includes contributions of:

wave setup and astronomical tides.
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wind stress, barometric pressure, dynamic

IV EROSION CALCULATION METHODOLOGY

4.1 Introduction

The erosiqn calculation methodology is based on measurements of
beach profiles, both in an equilibrium and post-storm state and
reasonable approximations to the physics, where necessary. These
methods have been under development for approximately seven years and
the numerical models are continually being upgraded, both as new and
improved information becomes available and in our continuing attempt to
include as much realism (for example, overwash) in the numerical model
as possible.

4.2 Equilibrium Beach Profiles

A number of theories have been advanced attempting to describe the
properties of and mechanisms associated with equilibrium beach profiles.

Based on a data set comprising more than 500 beach profiles ranging
from the eastern tip of Long Island to the Texas-Mexico border, see
Figure IV.1, the following form for an equilibrium beach profile was

identified
h{x) = Ax" (1v.1)

in which A and m are scale and shape parameters, respectively., Figure
1V.2 presents normalized beach profiles for various m values. It is
seen that for m < 1, the profile is concave upward as commonly found in
nature. Figure IV.3 demonstrates the effect of the scale parameter, A.
The data from the 502 wave profiles were evaluated employing a
least squares procedure to determine the A and m values for each of the
profiles, The results of this analysis strongly supported a value of
m = 0.667, (see Figure IV.4). It can be shown that a value of m = 2/3

corresponds to uniform wave energy dissipation per unit water volume in
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A(D = 0.2 mm) = 0.1 m}/3, A(D = 0.6 nm) = 0.20 m/".
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the surf zone. The physical explanation associated with this mechanism
is as follows. As the wave propagates through the surf zone, coherent
wave energy is converted to turbulent energy by the breaking process.
This turbulent energy is manifested as eddy motions of the water
particies, thus affecting the stability of the bed material. Any model
must acknowledge that a particular sand particle is acted on by
constructive and destructive forces. The model here addresses directly
only the destructive (destabilizing) forces. It was reasoned that the
parameter A depends primarily on sediment properties, and secondarily on

wave characteristics, i.e.
A = F(Sediment Properties, Wave Characteristics) {1v.2)

where “F()* denotes "function of* and it would be desirable to combine
wave and sediment characteristics to form a single dimensionless
parameter.

A portion of Mr. Brett Moore's M.S. Thesis (12) was directed
toward an improved definition of the scale parameter, A. Moore combined
available laboratory and field data to obtain the results presented in
Figure IV.5, thereby extending considerably the previous definition of
A. Some of the individual beach profiles used in the development of
Figure IV.5 are interesting. For example, Figure IV.6 preseqts the
actual and best least squares fit to a beach consisting of "sand
particles” 15-30 cm in diameter (approximately the size of a bowling
ball). Figure IV.7 presents the same information for a beach reported
to be composed almost entirely of whole and broken sheils. Figure 1V.8

- shows a profile with a bar present resulting in one of the poorer fits
to the data. It is emphasized that the analytical form (Eq. (IV.2))

describes a monotonic profile.
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Flgure IV.5 Beach profile factor, A, vs sediment diameter, D, in relationship h = Ax2/3 (modified
from Moore, (12))
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4.3 Cross-shore Transport Models

It has been noted that most equilibrium profiles correspond to
uniform energy dissipation per unit volume with the scale of the prafile
represented by the parameter A which depends primarily on sediment

characteristics and secondarily on wave characteristics, i.e.
h(x) = Ax2/3 (1v.3)

The parameter, A, and the uniform energy dissipation per unit

volume, px, are related for linear spiiling waves by

24 Ox 23

A= ['5"‘ m} (1v.4)

It can be shown that for the spilling breaker assumption and linear
waves, the energy dissipation per unit volume, p, 1s proportional to the

product of the square root of the water depth and the gradient in depth,

5 pg¥/2.2 pl/22h {1v.5)

LT ax
Thus {t is clear that an increase in water level such as due to a storm
surge will cause wave energy dissipation to increase beyond the
equilibrium value, It is also known that the beach responds by erosion
of sediment in shallow water and deposition of this sediment in deeper
water (Figure IV.9). It therefore appears reasonable to propose as a
hypothesis that the offshore sediment transport, Q5. per unit width is

given by
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Qg » K(D-D,)

scale. Moore (12) evaluated this relationship using large scale wave tank

data of Saville (13) and found
K = 2.2x1076 m¥/n
Figure 1V.10 presents comparisons of predicted cumulative erosion for

various values of K with the measured values obtained from Saville's

wave tank tests,

4.4 Prediction of Beach and Dune Erosion Due to Severe Storms by

Kriebel's Model

Mr. David Kriebel carried out a Master's thesis on this subject.
He incorporated previous work and developed considerable original
contributions to this problem, including the capability to model single
storm events and long-term scenarios in which many storms occur.

Profile Schematization

The profile was schematized as a series of depth contours, hy, the
Yocations of which are specified by coordinates, x&, measured from an
arbitrary baseline, see Figure IV.11. The profile is thus inherently
monotonic and at each time step, the x, values of each of the active
contours is updated.

Governing Equations

As in most transport problems, there are two géverning equations.
One is an equation desc}ibing the transport in terms of a gradient or
some other feature.
which accounts for the net fluxes into a cell,

As discussed previously, the offshore transport is defined by
£q. (IV.6) in terms of the excess energy dissipation per unit volume.

Specifically, in finite difference form

89

(1v.6)

where K 15 a rate constant that hopefully does not vary too greatly with

(Iv.7)

The second is a continuity or conservation equation
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Figure IV.10 Effect of varying

the simulation of Saville's (1957) laboratory investigation of beach profile evolution
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v SURGE LEVEL

n+l MSL

n+l >

Flgure IV.11 Model representation of beach profile, showing depth and transport
dofinitions (from Kriebel, (14)) ! 9 dep nsport relation to grid

5/2_,58/2
hn+1 h,

n+l kD {1v.8)
(hn+1+ hn)(xn+1" xn)
where
ky = % <%/5 (1v.9)
The sand conservation equation is
Kat
By = G- O™ Do) (1v.10)

Method of Solution of Finite Difference Equations

A number of methods could be employed for solving Eqs. (IV.6) and
(1v.10). For example, explicit methods would be fairly direct and
simple to program; however, the maximum iime increment would be
relatively small resulting in a program which is quite expensive to
run. Implicit methods are somewhat more difficult to program, but have
the desirable feature of remaining stable with a much greater time
step. Because of the planned application to long-term simulation in
which for a 500 year time period and on the order of three hundrgd
storms would be modeled, each with an erosional phase ‘of six to twelve
hours, an implicit method was adopted. This method will not be
described in detai) here except to nate that a double sweep approach is
used in which the an values and the x, values are updated
simultaneously at each time step, For ah values of 1 ft, and a time

step of thirty minutes, the system of equations was stable.
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The boundary conditions used were somewhat intuitive. At the
shoreward end of the system, erosion proceeded with a specified slope
above a particular depth, h«. The depth, hx, is the depth that the
equilibrium slope and the slope corresponding to the beach face are the
same. Thus a unit of recession of the uppermost active contour causes
an erosfon of the profile above the active contour that is “swept" by
this specified slope. This maﬁerial is then placed as a source into the
uppermost active contour. The offshore boundary condition is that the
active contours are those within which wave breaking occurs. If an
active contour extends seaward, thereby encroaching over the contour
below to an extent that the angle of repose is reached, the lower
contour {and additional lower contours if necessary) are displaced

seaward to limit the slope to that of the angle of repose.

Application of Method to Computation of Idealized Beach Response

Kriebel (14) carried out computations for a number of idealized
cases, some of which are reviewed below. Details of the erosion model

are presented in another report (Xriebel (15)).

Response to Static Increased Water Level - Figure 1V.12 presents

the beach recession due to a static increase in water. The beach
responds as expected. In the early stages, the rate of adjustment is
fairly rapid with the latter adjustments approaching the equilibrium
recession in an asymptotic manner. Of special relevance is that the
response time to equilibrium is long compared to the duration of most
severe storm systems, such as hurricanes. The form of ;he response
presented in Figure IV.12 is reminiscent of that for a first order
process in which the time rate of change of beach recession, R, is

represented as
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Chargcteristic form of berm recession versus time for increased
static water level {from Kriebel, (14))
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dr
@wTe KR (1v.11)

for which the solution is

RE) | (1 e7kY (1v.12)

Figure 1V.13 presents a comparison of the response from the numerical
model and E£q. (IV.lé). This similarity forms the basis for a very
simple and approximate numerical model of beach and dune profile
response, Such a model has been developed, is used currently in the
CCCL program and will be described in the next section.

Effects of Various Wave Heights - Considering a common increased

water level, but storms with different wave heights, the larger wave
heights will break farther offshore causing profile adjustments over a
greater distance and thus a greater shoreline recession. Simulations
were carried out to examine evolution of the beach under different wave
heights with the results presented in Figure IV.14. As expected, the
greater shoreline recessions are associated with the larger wave
heights. Surprisingly, however during the early phases of the
evolution, the larger wave heights do not cause proportionally larger
erosions. Thus, for storms of short duration, the sensitivity of the
maximum erosion to breaking wave height may not be large.

Effects of Various Storm Tide Levels - The counterpart to the

previous case is that of a fixed wave height and various storm water
levels. The results of these simulations are presented in

Figure IV.15. In contrast to the previous case, the varfous stomm tide
levels cause recession rates in the early stages of the process which
are nearly proportional to the storm water level.
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Figure 1V.14 Effect of breaking wave height on berm recession (from Kriebel, (14)) Figure 1V.15 Effect of static storm surge level on berm recession (from Kriebel, (14))
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Effect of Sediment Size on Berm Recession - The effect of two

different sediment sizes on amount and rate of berm recession is shown
in Figure IV,16. The equilibrium recession of a coarser material is
much less; however, the equilibrium s achieved in a much shorter time
than that for the finer sediment. The explanation for the lesser
equilibrium erosion for the coarser material is that since the beach is
steeper, the waves break closer to shore and thus less material is

required to be transferred offshore to establish an equilibrium profile

out to the breaking depth (considered to be the limit of motion). 5

Presumably the explanation for the slower approach to equilibrium for B =1.5m
MB =|:15
. S =03m
i2
initial and equilibrium profile geometries, a much greater volume of Hp =30m D.':O= 0.2mm

the finer material is that, as will be shown by consideration of the

sediment must be moved a greater distance to establish equilibrium.

Effect of Storm Duration - The effect of storm duration on

shoreline recession was investigated by considering a fixed wave height

and an idealized storm tide variation, expressed as

n=1.2 cosz(—91%11§lj . |t-18|?'%

BERM RECESSION (M)

(1v.13)

= 0 s jt-18]> T/2

0 ] ] ]
0 100 200 300 400

TIME (hrs)

in which T (2 2n/g) is the total storm duration in hours. The results
are presented for three storm durations in Figure 1V.17. For the
shortest storm duration (T = 12 hours), the potential volume eroded is Figure IV.16 Effect of sediment size on berm recession (from Kriebel, (14))
approximately 70 m3/m whereas the computed actual maximum volume eroded

is 10 m3/m. With increasing storm tide duration, the computed actual

maximum volume eroded increases. Tripling the storm tide duration to
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erosion {from Kriebel, (14))
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36 hours doubles the maximum volume eroded to 20 m3/m. It is noted that
this is only approximately 28% of the potential volume eroded, again
underscoring the 1ikelihood that most storms will only reach a fraction
of their potential erosion limit. This feature also highlights the
significance of cumulative effects of sequential storms and of the need
to better understand the recovery process (especially the rates), 2

portion of the cycle not addressed in this project.

"Application of Method to long-Term Beach and Dune Response Simulations

The previous section has described the application of the model to
idealized examples of beach and dune response. The model can also be
applied to more realistic situations in which the initial beach and dune
conditions are specified along with time-varying waves and tides.

Evaluation of Method by Hurricane Eloise Erosion Data - Kriebel

carried out an evaluation of the method by comparing erosion
computations for Hurricane Elofse (1975) with measurements reported by
Chiu (16). Although the wave and tide conditions were not measured

along the beaches of Bay and Walton Counties (Fiorida) of interest, some
tide data were available and wave heights were estimated. Erosion was
computed for twenty combinations of dune slope, wave height and peak
surge. It was found that the volumetric erosion ranged from 21 to

38 m3/m compared to average measured values of 18 to 20 malm for Bay and
Walton Counties, respectively and an average of 25 m3/m near the area of
peak surge. Although the predicted values are somewhat larger than the
observed, Chiu (16) states that the beaches had started to recover at

the time of the post-storm surveys, with approximately § m3/m of sand
having returned to the beach. Thus the maximum eroded volume would be

30 m3/m compared to a maximum calculated value of 38 m3/m. a difference
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of approximately 27%. This reasonably close agreement was considered
adequate recognizing the uncertainty in the storm tide employed in the
computations; therefore no further calibration of the model was
considered warranted. It is of interest that the erosion potential
associated with the peak tide is approximately nine times that predicted
for the time-varying conditions included in the computations. This
again reinforces the fact that most storms in nature cause only a
fraction of the potential erosion associated with the maximum conditions
in the storm.

Long-Term Simulation - wifh the model reasonably verified for the

Bay and Walton Counties area of Florida, a long-term simulation of beach
and dune erosion was carried out. The hurricane wind and pressure
fields were idealized in accordance with a representation published by

Wilson (17). The five idealized hurricane parameters

Ap = Maximum Pressured Deficit
Rpax = Radius to Maximum Winds
Vg = Hurricane System Translational Speed
8 = Hurricane Translational Direction
Yg = Landfall Point

were selected by a Monte Carlo method in accordance with the histoerical
characteristics of hurricanes in the general area. For each hurricane,
the storm tide was calculated using the Bathystrophic Storm Tide Model
of Freeman, Baer and Jung (9)., With the time-varying storm tide and
wave height calculated, the beach and dune model was applied until
maximum erosion was achieved. As the recovery mechanism is not yet
understood to a degree for realistic modelling and because hurricanes

occur approximately on a biennial basis, the erosion for successive
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hurricanes was assumed to commence from a fullj recovered condition.
This is clearly an approximation as the recovery process occurs at
several rates of magnitude slower than the erosion process. Study of
some recovery stages from severe storms has shown that up to seven years
may be required to achieve approximately 90% recovery. The duration
required for recovery from milder storms would, of course, be less.

Figure IV.18 presents a “flow chart” describing the elements of the
fong-term simulation. In the Bay-Walton Counties area, hurricanes
making landfall within ¢ 150 n.mi. of these counties were considered
requiring a total of 393 hurricanes to simulate a 500 year record. The
return periods associated with various dune recessions as determined
from the simulations are presented in Figure IV.19. As examples, the
dune recessions for return periods of 10, 100 and 500 years are 4 m, 12
m and 18 m, respectively. Based on these results, Hurricane Eloise 1s
judged to represent a 20 to 50 year erosional event; however based on
results from a storm surge analysis, Hurricane Eloise was a 75 to 100
year coastal f]goding event.

It is also possible to present the results of the erosion
simulations in a manner that is of maximum relevance to individuals or
agencies responsible for shoreline management. This type of
presentation is demonstrated for the Bay-Waiton County area in
Figure 1IV.20. This plot includes the contributions from storms and sea
level rise. As examples, without any erosion mitigation measures within
the next 50 years, the erosion due to sea level rise (regarded as a
certainty or probability of 100%) is expected to be approximately 15
ft. Within 50 years, the probability of dune erosion occurring to a

distance of 40 ft is 85% and for distances of 60 and 80 ft, the
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igure IV.18 Flow diagram of N-year simulation of hurricane storm surge and resulting beach erosion

{ from Kriebel, (14)).
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Average frequency curve for dune recession, developed b)_r Monte
Carlo simulation, Bay-Walton Counties, Florida (from Kriebel,
(14)}
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corresponding probabilities are 32% and 9%, respectively. Through the
use of figures such as these it would be possible to weigh the costs of
certain erosion control measures against the potential of damage {f

those measures are not carried out.

160 I i T These procedures provide, for the first time, a basis for
conducting the necessary technical studies to implement the erosion
component calculations of the Flood Insurance Act of 1973 which provides
for the application of methodology to provide the basis for insurance
rates for flooding and erosion coastal hazards. Although the flooding
component of this act has been implemented, the erosion component has
not.

4.5 Prediction of Beach and Dune Erosion Due to Severe Storms by
Simple Model

For computational ease and economy, a much simpler erosion model

was developed and is applied in the CCCL process {Appendix C). This model is not

DUNE RECESSION, FT

physically-based, yet retains the overall characteristic response

described previously in the Kriebel model.

EROSIGN TREND The model is based on the characteristic response exhibited in
h ¥

DUE TO SEA LEVEL

/7

Figure IV.13 and Eq. (IV.12) rewritten for reference purposes as

RISE OF 1°
- ]
'50 75 100 : R;(zt = (1-e7%) (1v.14)

YEARS FRCM PRESENT
At each time step, for the instantaneous value of the time-varying water

Figure IV.20 Probability or risk of dune recession of given magnitude
occurring at least once in N-years, Bay-Walton Co., Florida
(from Kriebel, (14))

level S(t) and the selected breaking wave height, H,, the equilibrium
profile and the associated equilibrium recession, R,, from the existing
profile is established, see Figure IV.21. The characteristics of the
equilibrium profile are:

(1) the eroded volume above the "hinge point" equals the deposited

volume below the hinge point,
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(2) The equilibrium profile is in accordance with Eq. (1V.1) with the
' scale parameter efther specified by the user, or determined as a

best-least squares fit to the measured profile during the field
program, and

(3) the equilibrium profile above the instantaneous water level is
characterized by a uniform slope, XMD, on the order of 2 or 3 as
determined by post-storm profile measurements following Hurricane
Eloise (1975) and other storms.
With the equilibrium profile established, the erosion occurring

from time t to time t+at,Ax s given by

ax = x(t+at) - x(t) = - R_(1-"M%) (1v.15)

Instantaneous Water Level at Time, ¢
where, through calibration with Kriebel's model, a X value of 0.075

. ——— . Cm— —— o
—— ot —— Gmam dn e -

Beach Profile at Time, t S® sec™! has been found.

" tean Sea Level Figures 1V.22 and IV.23 present examples of application of the

o
b4

for Wat
Fautltoriy” Beach Profile for Yatec erosion model to two ranges in Martin County.

(' Leve
S —

~— Calculated Beach ;;::11;:: 4.6 Augmentation of the Erosion Predicted by the Model for
* Recommending Position of CCCL

As noted previously, the erosion model accounts only for cross-
shore sediment transport and has been verified against the average
Figure 1V.21 Features of simplified beach erosion model erosfon occurring in Hurricane Eloise, see Figure IV.24. As documented
by Chiu, there are a number of factors which result in considerable
variability about the mean value. Probably the greatest causes of this
variability are the gradients in longshore sediment transport as a
\ result of the relatively small scale of the hurricane system, and

natural varfability due to inhomogeneities in the system (sand size,

consolidation, offshore bay system, etc.), Regardless, the variability
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Figure 1V.22 Results of applying erosion model to Range R-1, Martin
100 year storm tide, average erosion.
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County (Hutchinson Island),

Figure 1V.23 Results of applying erosion model to Range R-89, Martin County (Jupiter Island},
100 years storm tide, average erosion.
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of erosion is recognized and as documented by Chiu (16) in Nurricane
Eloise, the maximum erosion was approximately 2.5 times the average
erosion. This factor {s incorporated in the erosion considerations

employed in the recommended CCCl position by modifying £q. (1V.15) as

follows

x = - (2.5) R_(1-e"KAY) (1v.16)
which, due to the long beach response time compared to the time scale of

storms, results in a profile which is in approximate accord with the 2.5

factor,
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V. WAVE HEIGHT DECAY CALCULATIONS

5.1 Introduction

1f calculated erosion is not governing, the final recommended
Coastal Construction Control Line position is based on the location
where the significant wave height has attenuated to three feet. This
three feet criterion is consistent with the Federal Emergency Management
Administration (FEMA)-criterion for delimiting the so-called “"High
Velocity Zone" and is considered to be the wave height (significant) at
which structural damage is considered to be substantial. This is
presumably in recognition ofAthe rather large piling forces and uplift
forces that waves of this magnitude can induce. (The wave force is
proporticnal to H" where 2 < n < 3.) A potential storm related factor
not presently included in the methodology that could cause significant
damage is storm-tide induced current across barrier islands (the
potential velocity due to a 2 ft tide difference across a submerged
barrier island is on the order of 10 ft/sec.).

The following section describes the methodology for calculating .
wave height decay.
5.2 Methodology

As waves propagate, energy can be added to or removed from the wave
system. The most common mechanism for enerqy addition is by wind
blowing over the water surface. Principal mechanisms for energy loss
(or dissipation or reflection) include wave breaking due to shoaling
water, turbulent losses due to damping by vegetation and wave refiection
by buildings. In the present application, energy input by winds is
neglected due to the short distances considered, for example the wave

height decay usually occurs over a maximum distance of 600-800 ft. The
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National Academy of Sciences (NAS) (18) has developed recommended
methodology for calculating wave decay due to the various mechanisms
noted above. The method employed in the CCCL establishment is basically
that recommended by the NAS report. Each of the decay mechanisms is
described briefly below; the interested reader is referred to the 1977
NAS report for greater detail.

Wave Height Decay Due to Shoaling Water

The maximum wave height, H, which can be supported in a water

depth, h, is

H=0.78 h (v.1)

a result developed by McCowan for shallow water waves.

Wave Height Decay Due to Vegetation

Consider waves propagating through a stand of vertical cylindrical
elements of diameter, D, (representing for example tree trunks) at a
uniform spacing, S. For a water depth, h, an initial wave height, Hps
and a propagation distance, Ax, the wave height, Hy, after propagation

through the stand of elements s

A
e v (02
in which
CnaD
A= 02 (v.3)
3nS%h
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where Cp is the hydrodynamic drag coefficient {taken as 1.0 in this
study) associated with flow about the elements. Equation (V.3) would be
modified, for vegetative elements extending only partially over the
depth.

Wave Height Decay Due to Buildings

Buildings serve to reduce the transmitted wave energy by blocking
the waves and causing energy reflection. For an incident wave
encountering buildings with a decimal blockage density, B (perpendicular
to the direction of wave propagation), the incident and transmitted wave

heights are related by
Hy = /{1 = BY Ky (v.4)

If n rows of buildings, each with the same blockage density, are
present, the corresponding result is

Hp = (1 - B)Y2 iy

Combined Effects of Topography, Vegetation and Buildings

For an incident wave height, Hy, and both vegetation and buildings

effects present, the transmitted wave height is
. 1 n/2
L by nvat (v.8)
If the transmitted wave height as calculated by Eq. (V.5) is

greater than the depth-limited value giverr by Eq. (V.1), the wave height

is set equal to the depth-limited value.
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VI LONG-TERM EROSIONAL CONSIDERATIONS

6.1 Introduction

Prior sections have described methodology for calculating the
erosion associated with a single severe storm event. In addition to
erosion due to relatively short-term events, the recommended location of
the CCCL includes consideration of any long-term erosion trends.
6.2 Methodology

The methodology employed presently consists of accessing those
studies which have focused on and identified long-term erosion&]
trends. These studies usually incorporate comparison of early surveys
(in chart form) and perhaps comparison of early and more recent aerial

photography. Additionally, as counties are resurveyed as part of this

. study, these data are examined to determine long-term trends.

Studies of value may be directed toward a particular county or may
be broad in scope, such as the National Shoreline Study (19) of the
U.S. Army Corps of Engineers. Some of the early studies by the
University of Florida, Coastal Engineering Laboratory quantified long-
term erosion around the State, Figure VI.1.

With the long-term erosion rate established, the recommended
location of the CCCL includes accounting for a 5 year duration of this
erosion. That is, if the long-term erosion rate is 5 ft/year and the
methodology described heretofore indicates that the CCCL should be
located x feet from shore, then the recommended position is specified at

X +25 ft from shore.
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Vil OVERALL VERIFICATIONS OF CCCL METHODOLOGY

As might be expected, due to the relative rarity of storms of the
100 year severity level and of the difficulty in conducting meaningful
measurement/observations before and after such a storm, there is only
limited direct data available to evaluate the CCCL methodology. Two
examples which provide varying degrees of evaluation/confirmation are
presented below.

7.1 Hurricane Agnes, St. George Island, Franklin County

This example is of interest, in part, because the extent of storm
jmpact was discovered after the recommended position of the CCCL had
been established.

Slightly to the west of the center of St, George Island (Range 105-
106), the recommended position of the CCCL was some 500 ft landward of
the mean sea level contour. The position of the line was challenged by
a developer who, by counsel, requested a delay from the Governor and
Cabinet to develop proof that the recommended 1ine was too far landward;
the delay was granted. After the delay was granted, DAR located aerial
photographs flown on June 21, 1972, the day after the passage of
Hurricane Agnes, which documented\the almost completed destruction of
the only road along this portion of St. George Istand and landward of
Momunents 104 and 105. The roadway is located some 100 ft landward of
the recommended position of the CCCL, see Figures vil.1{a) and (b) and
photographs on display as a part of this workshop. 1t is noted that the
storm tide accompanying Hurricane Agnes in Franklin County is believed
to be on the order of a 40 year event with the erosion event on the same

order,
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and damaged roadway due to Hurricane Ag

of this profile).
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ge Island. A location of severe overwash
nes, 1972 (see Figure V1I.1{b) for extension

Figure VII.1{b) Continuation of profile across St. George Island, Range R-105, showing Tocation
of damaged road, due to Hurricane Agnes, 1972,

122



Stressing again that the evidence of storm impact cited in this
example was located after the CCCL location had been recommended, we
interpret the line location in this area to be somewhat too far Gulfward
in the vicinity of Monuments 104 and 105.

7.2 Hurricane Eloise Damage in Walton and Bay Counties

The set-back line was established in Walton and Bay Counties in
April, 1975, and August, 1974, respectively. Hurricane Eloise made
landfall in Walton County on September 23, 1975, as shown in Figure
VII.2. The hurricane storm tide is ranked as a 75-100 year occurrence
and, due to the relatively high translational speed of the hurricane,
the erosion is ranked only as a 20-50 year event.

Two types of information will be presented by way of comparison of
the measured zone of impact versus location of the (then) set-back
line. Figures VI1.3 and VII.4 compare the eroded zone with the location
of the set-back 1ines in Bay and Walton Counties, respectively. The
tocation of the pre-hurricane vegetation line is also shown. It is
clear that the limits of erosion correlate reasonably well with the
location of the set-back line. '

The second type of information available from Hurricane Eloise
relates to the per structure damage costs relative to the location of
that structure with respect to the set-back line. O0f course the quality
of construction is very important iﬁ terms of the damage that an
individual structure will experience.

Based on a survey of 540 structures, Figure VII.5 presents the per
structure damage costs as a function of the structure position relative
to the set-back 1ine. Of general relevance is the quite steeply rising

damage costs as a function of proximity to the shoreiine. Of specific
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interest is that average damage costs for a structure situated on the
set-back Yine were approximately $8,000, whereas the average damage
costs for a structure located 150 ft seaward of the set-back line was in

excess of $200,000.
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APPENDIX A
2-D STORM TIDE MODEL*

*This program represents a numerical modeling procedure that is subject
to change due to: 1. newly encountered topo-bathymetric and hydraulic
boundary conditions, and 2. 1incoporation of new advancements quantifying
coastal processes. This program is applied on a county-by-county basis and
is subject to acceptable calibration constraints recommended by the Beaches
and Shores Resource Center and approved by the Florida Department of Natural
Resources.
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FROGRAM:  2-D STORM TIDE

DEFINITION OF PARAMETERS:

CASE
DX
DY
DT
FINF

EF
RMAX

Ys

DF

VF
NIT
usc
INTERV
THETA
XHER
XHE
TIDE
XCR
XCF
YCR
YLF
THAX

THIN
NDELT

20 CHARACTER TITLE TO IDENTIFY A SFECIFIC OUYFUT
HORIZONTAL GRID DISTANCE, IN NAUTICAL MILES
VERTICAL GRID DISTANCE, IN NAUTICAL MILES

TIME INCREMENT FOR EACH TIME STEF, IN HOURS
REFERENCE FRESSUREC(ATMOSFHERIC) USED TO CALCULATE
BARDHETRIC TIDES

BOTTOM FRICTION COEFFICIENT(0.02 ~ 0.002)

RADIUS FROM CENTER OF HURRICANE TO THE POSITION
OF MAX. WINDS

INITIAL Y-COORD. OF THE HURRICANE CENTER, IN
NAUTICAL MILES

HURRICANE CENTRAL FPRESSURE INDEX, IN INCHES OF
MURCURY

FORWARD VELOCITY OF THE HURRICANE SYSTEM IN KNOTS
[¢]

WIND SHEAR STRESS COEFFICIENT

F TIME STEF INTERVALS AT WHICH TO FRINT OUT

AN QUTFUT FOR THE GRID SYSTEM

LANDFALL HURRICANE TRACK W.R.T. NORTH AND
CLOCKWISE IN DEGREES

INITIAL DIST OF THE HURRICANE, IN NAUTICAL MILES
{MAY BE OUTSIDE THE GRID SYSTEM, W.R.T. ORIGIN}
FINAL DIST OF THE HURRICANE, IN NAUTICAL MILES
(MAY BE OUTSIDE THE GRID SYSTEM, W.R.T ORIGIND
ASTRONOMICAL TIDAL ADJUSTMENT IN FEET, FOSITIVE
AROVE ML

THE X-COORD DIST QF
SYSTEM, IN NAUTICAL
THE X-COORD DIST OF T
SYSTEM, IN HAUTICAL
THE Y--COOED DISY OF
SYSTEM, IN NAUTICAL
THE Y-COORD DIST OF
SYSTEM, TN NAUTICAL
THE MAX DURATION OF
MODEL SYSTE IN HOURS

THE TIME AGTER WHICH QUTPUTS ARE GENERATED
[¢]

LEFT-EDGE OF THE GRID
'LES
L RIGHT-EDGE QF THE GRID
hY

P -EDGE OF THE GRID
N
L ROTTOM-EDGE OF THE GRID

FROTOTYFE HURRICANE
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C K CORIOLIS FARAME"
C NOCVT SET TO 1, THEN ¥
G
¥
CCCCCCecececcooeocceccecotceccoceececoctcoccecocecctococotceoceececeecoeceeeees
COMMON /A7 UUX(110,110),UUY(140,410),F(110,110),H{110,110),
- DEFDX(110,140),DFDY(110,110),DX
COMMON /E/ ETACI10,110),QX({10,140),8Y(140,140),NABRX(110), TIDE,
- DY, NNX, IEND
COMMON /C/ IS,
COMMON /E/ FINF,DT,NNY
COMMON /F/ JJ
COMMON /G/ CVAR(400,3,39),CTIME(600), LASE, IFLLDT(78),1C2,
- INTERV, NPLOT
COMMON /H/ IFFACT(110,110)
COMMON /7BAR/ NORBAR(30), IBAR(S0) , JRAR(S0) , XLBAR(SD) , HRAR(S50) ,
~ WBAR(30) ,FRAR(SQ) , XKEX(350) ,NORINL{50), TINL(50), JINL{(50),WINL(50),
~ DPINL(30),XKENEX(50),FINL(50),XLINL{S0)

(O OR 0.0000727)
DX,DY I8 READ IN SECONDS &
FEET, NO CONVERSION TAKES FLACE

DIMENSION Y(1410),NQBRXT (1410 ,ETAT{10),U(1410,440), YNM{110) ,XNM(110)
DIMENSTON ETHX(410,110), ISETUF({10)

DIMENSTON DXACI10) ,DYACII0)

DIMENSION D(140,110) ,DETACT10,410),X(140),UX(140,110),

- UY(110,110) ,UXR({116,110),

- UYR(110,110), JNET(110),NET(110,110),

- NRX(110,110) ,NRY({10,110), IR(110)

DIMENSTON ETAMAX(39,3)

DIMENSION QS(110,110),ETAS(110,110)

DIMENSION QC(110),ETACCI10)

DIMENSTON AC(i10),RC(110),0C(110),DC(110)

DIMENSION ACS(110),BCS(110),0C08(110),DCS(110)

DIMENSION ETASO({10),ETAS1 (110 ,ETAS2(110)

DIMENSTON VTIMEC(IS) ,VDF{45),VVF(13),VRMAX(15) ,VTHETA({S)
DIMENSION FCTX(110,110),FCTY(110,110), WUXX(116,110),UUYY(140,190)
DIMENSION WSF(140,110)

CHARACTER%20 CASE, SYSTEM

CHARACTER#4 DRY,WET,AREA(110) ,FER(110,110)

DATA IFLAGZ /%/

DATA DRY,WET /'+','-'/

12000 FORMAT(/)

10 KOUNT=-1

0024
RHOW=1 , 99
NF IN=—1
B4=2,33E-08
TICOUN=®

C
Crxxnxnnnxx® INFUT GRID SYSTEM DATA (DIMENSTIONS, 0BT I KNI K
Crxxxnsiint CONSTANTS, BATHYMETRY, FRICTION FACTORS) 16356 3 36600 3 3 960000 13 N N XK K
C

READ(S,20) SYSTEH
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WRITE(S,25) SYSTEM
20 FORMAT (AZ0)
25 FORMATC(IHE, 7/, 1H ,A20)
READCS, 30YXCH, XCF,YCR, YCF , DT, FINF, TIDE, B4, INTERV, THETAL
30 FORMAT(?F8.1,E14.4,13,/7,F8.1)
READ(3,40) NNX,NNY
40 FORMAT(213)
READ(3,50) (DXA(L),I=1,HNNX)
READC(S,50) (DYA(J), =1, NNY)
50 FORMAT(8FB.0)
WRITE(SH,60)XCR, YCR, PINF, TIDE, DT, XCF, YOF, B4, INTERV, THETAL
&0 FORMAT(iHO, 'GRID SYSTEM PARAMETERS',//,1H ,' XCB= ',F9.2,
- PYCR= 'LF9.2," PINF= ' L,F8.2,' TIDE= ' ,F8.2,' DT= ',Fi0.2,
- A AH L, XCF= L F9,2, 0 YOF= 'L, F9.2, Ré= ' ,E{0.4,
- 'UINTERV= ', 14,' THETAC= ',F4.2)
WRITE (4, 7OYNNX, NNY
70 FORMATC({HO, ' NNX= ',I9,' NNY= *,I%)
WRITEC(6,80) (DXACI), I=1,NNX)
WRITE(6,80) (DYA(J),.J=1,NNY)
80 FORMAT({HO,10F10.0)

READC(S,90) NEAR,NINL
WRITE(SH, ?5) NEAR, NINL
90 FORMAT(2I3)
95 FORMAT(1HO,21I3) ~
IF (NEAR.EQ.0) GO TO 130
DO 140 N=1,NEAR
READ(S5, {00) NOREAR(N), IRAR(N)Y , JRAR(N) , XLEAR(N) , HRAR(N) ,
- WHAR(NY , FRAR(N) , XKEX(N)
*%%% ADJUST HEIGHT OF BARRIER TO MEAN SEA LEVEL *x%x
HEAR(N)=HRAR(N)+0.8
WRITE(S,105) NORRAR(N) , IRAR(N) , JRAR(N) , XLEAR(N) , HRAR(N),
- WEAR(N) , FRAR (N) , XKEX(N)
100 FORMAT(3I3,5F{0.3)
195 FORMAT(iHO,3I3,5F10.3)
110 CONTINUE

IF (NINL.ER.O) GO TO 130
DO 120 N=1,NINL
READ(S5,100) NORINL(N), TINL(N), JINL(N) , XLINL(N)Y, DFINL(N),
- WINL(NY, FINL(N), XKENEX(N)
DFINL(N)Y=DFINL{N)+0.8 .
#xx% ADJUST DEFTH OF INLET TO MEAN SEA LEVEL swxxx
WRITE(S,115) NORINLONY, TINLCNDY , JINLON) , XLINL(N) , DPFINL(N),
- WINLCNY , FINL(N) , XKENEX(N)
115 FORMAT(1HO,313,5F10.3)
1260 CONTINUE
130 CONTINUE

#exd READ IN BATHYMETRY. ELEVATIONS=~H, DEFTHS(WATER)=+H.%%xx%
BO 470 =1, NNY N
IFCIFLAGZLER. 1) READCS, 150 (HCT, J), T=4,NNX)
WRITECSH, 150) (HCE, 1), E=1, NNX)
150 FORMATC(IOFT7.2)
HE, ) =-99, )
#xxxk ADJUST BATHYMETRY TO MEAN SEA LEVEL ®xxxx
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C

c

DO 1460 TI=2,NNX
160 HOL, N=H{L,N+0.8
170 CONTINUE

WRITECAH,180)(T, I=1,2%)
1860 FORHAT(1H1, 'ASSIGNMENT OF FRICTION FACTORS FOR EACH GRID',

=/1H®, ' T(TOWARDS OCEAN)-Y',/4H , 'JCNORTH) ' /4H ,

PP /4H LV 7 L BX, 25T57)

DO 240 J=1,NNY

IFCIFLAGZ.EQ.1) READ(S,190) (IFFACT(T, ), I=1,NNX)
190 FORMAT(10I35)

WRITE(S,200) J, (IFFACTC(I, ), I=1,NNX)
200 FORMAT({H ,I2,3X,2515,/4H ,5X,2515)
210 CONTINUE

6************%***%* INYTIALIZEZCONVERT GRID SYSTEM DATA 633100 5 5 5 56 3 5% 30t 3 3 5

CNM=6076.1
CHS=3600.0
XCER=XCExCNM
XCF=XCF*CNM
YCF=YCF %(CNH
YCR=YCR*CNM
PINF=70.,51 %P INF
NNXM{ =NNX~1
NNXF{ =NNX+1
NNYM1=NNY~1
NNYF4=NNY+1
TEND=NNX
IEHDMY =1END~1
DD 12 J=1,NNY
12 ISETUF(L)=40
ISETUF(48)=54
ISETUR(54)=352
ISETUF(60)=52

X{1)=XCR

Y{(1)=YCR

XNM(4)=XCR/CNM

YNM(4)=YCR/CNM

DO 220 I=2,NNXP{
XCI=X(I-§ )+ (DXACI)+DXAI~1)) /2.0

220 XNMCT)=X{I)/CNM
DO 230 J=2,NNY
Y=Y (=1 )+(DYACD +DYACI-1)) /2.0

230 YNMO D =Y (D /ONM
WRITE(H,240) (J,0=1,10)

240 FORMAT (MY, /77,41 ' X AND Y DISTANCES (N.MIL)', /7, 1HO,/79H ,10T10)
WRITE (S, 250 (XNMOJ), d=1 ,NNXD
WRITE (S, 12000)

WRITE(4H,250) (YNMCI), J=1,NNY)

250 FORMAT(iH ,10F{10.2)
WRITE(H,260)

260 FORHAT(4H )

270 DO 300 IS0D=1,NNX
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IF(HOIS0,.D.6E.0.0) GO TO 290
AREACIS( =DRY
PERCISO, J)=DRY
GO TO 300
290 AREACTISD)=WET
FERCISO, H=WET
300 CONTINUE

DO 310 I=1,NNX
DO 310 J=1,NNY
ETACL, )=0.0001
AX(T, N=0.0001
QY(I,D=0.0001
NET(I,J)=0
WSF(T, J)=1.0
310 CONTINUE
DO 315 I=8,33
15 WSF(I,29)=0.0
DO 3146 I=24,30
376 WSF(I,9)=0.0
DO 317 I=24,26
317 WSF(I,10)=0.0
DO 320 I=1,NNX
DO 320 J=1,NNY
UUX(Y, J)=0.0061
UUY(I,J)=0.,001
F(I,J)=0.0001
320 CONTINUE

AR RN XNHHNEX INPUT HURRICANE FARAMETERS 56555 936 3 % 9 36 3 35 % 3636 96 3 96 36 36 36 3 3 36 36 3

325 READ(4,330,END=11130)CASE

330 FORMAT(AZ0)
READ (4, 340) XHE, YHE, TMIN, THAX, NFARM

340 FORMAT(AFB.1,13)
WRITE(S,345)CASE

345 FORMAT(iHY, 7/, 1H ,A20)
WRITE(4,3530)XHR, YHE, TMIN, THAX, NFARM

3560 FORMAT(1HO,' HURRICANE FARAMETERS ',/,1H0,' XHE= ',F8.1,°' YHE:=
- F8.4,"' TMIN= ',F8.1,' THMAX= ',FB.1,' NFARM= ',I3)
WRITE(S, 360)

340 FORMAT(iH-, 20X, 'VARTARLE FARAMETERS: ', //71H 24X, 'TIME',8X, "DF',7X,

~ 'WF'L, X, 'RHAX!, aX, 'THETA' , /)
DO 370 I=1,NFARM
READ(4,370) VTIMECD) ,VVF L), VRMAX(I) ,VDF(I) , VTHETAC(T)
370 FORMAT(SF7.2)
WRITE(SH,380) L, MYIMECLY, VDF D), VYD), VRMAX(E) , VTHETACT)
380 FORMAT(1H 43X, X2, 53, FS.2, 53X, F5.2,8X,Fa4.4, 86X, F4.1,8X,F5.1)
VITME(ID) =VTIME (T ) 2 OHE
VOF(I)=VDP(I)%70.51
VVF(T)=VVF(I) % .49
VRMAX (1) =VRMAX (T ) nCNM
VTHETA(I) =(VTHETAC(LY+20.,0-THETAL) /57 . 2934
390 CONTINUE
RHAX=VRMAX (1)
DP=VDF (1)
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'
’

c

391

392
394

396

VF=VVF (1)

THETA=VTHETA ()
CTH=COS((THETAC~90.0)/57.2954)
STH=SINC(THETAC~90.0)/57.2954)
XHE{=XHE%CTH + YHR®STH

YHEY ==XHE*STH + YHEXCTH
XHE=XHE1

YHR=YHE

XHE=XHE*CNM

YHE=YHE®CNM
THETAC=THETAC/S57.2956
THAX=TMAX%XCHS

TMIN=TMINXCHS

KOUNT=—1
TC2=0
IICOUN=0

READ(4,394) (IFLOTOIY,0=1,24)
IF (IFILOT(24).NE.OQ) READ(4,3%91) (IFLOTC(D), =24,48)
FORMAT(42(13,1X,12))

NFLOT=0

DO 392 JPLOT=1,48,2

IFCIFLOTCIPLOT) LEQR.OLOR.IFLOT(IFLOT+4).ER.0) GO TO 394

L=(IPLOT+E ) /2

H=IPLOTCIRLOT)

JR2=TFLOT CJPLOT+)

ISETUP(J2)=J9

NFLOT=NFLOT+{

DO 392 JIJJ=1,3

ETAMAX(I.J, JJJJ)=0.0

CONTINUE

CONTINUE

NFLOT2=NFLOT=2

WRITE(S,398) (IPLOTCY), J=1,NFLOT2)

FORMAT (1H0O, 'GRIDS FOR PLOTTING: ',/,(1HO,
15¢" ',12,',',I2,'2" )

36 36 306 3 36 56 56 36 96 6 396 J6 36 30 96 36 96 36 9 336 36 36 96 36 3636 96 36 36 K 36 36 36 3 36 36 36 96 36 36 36 36 96 76 9 96 36 26 36 36 96 3 36 36 36 X 96 € 36 36 36 3 36 96 46 36 3 ¥

c

oGO0

C

398

400

410

NTIMES=IFIX((TMAX=TMIN)/DT) + 1
WRITECSH, 398INTIMES
FORMAT(1HO, 'NTIMES (MAIN LOOF VALUE) = *,14)

IBCD = T DENOTES I INDEX OF FIRST SUBMERGED GRID OF JTH ROW
STARTING SECTION TO DETERMINE ACTIVE ETA ELEMENTS
MET(I, D=0 IF DRY AND =1 IF FLOODED.

DO 420 J=1 , HNNY

DO 420 I={,NNX

IFCETACT, J)4HH(T, 0)) 400,400,410
NETCT, J)=0

ETACT, D=~H{I, )-0.0001
TROIy=T+1

GO TO 420

NET(Y,.J)y=1
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420 CONTINUE

G
C ESTARLISH REFERENCE HURRICANE VALUES FOR WAVE SETUP
e CALCULATIONS
[™
I18=0

Call HURCHCUSR, IS, , X, Y, VF,FINF,DF, RHAX, THETA, DT, DY,
- RHOW, XHE, YHR)

USIM=USQ

UHAX=SORT(ULAI /1 .67

AA=—RMAX*DPxE4

AAD=0. {1 60%VF/SRART (UMAX)

HMAX=14.3%EXP (AA) % (1.0+AA2)

THAX 1 =8L6%EXF (AA/2.0)% (1 L O+AAR/2.0)

IPARM=2

C WRITE(S, 430)

A30 FORMAT(IHO,' T THR ETA NET ax QY DL33,40)',77)

c

O BXRRRMRKHEENRERHAR R H XN XK MATN LOOF 93656036 3031636 36 305 2 36903636 46 36 36 36 96 36 6 36 36 96 56 36 o6

¢ .

DO 10500 JJd=1,NTIMES

XJI=dd~1

T=XJ%DT+THIN

THR=T/34600.

TS=T

IF (NFARM.EQ.O.OR.IFARM.GT.NFARM) GO TO 2020

IF (T.LE.VTIME(IFPARM)) GO TO 2010

IF (IFARM.ER.1) GO TO 2000
XHE=XHE+{VTIME(IPARM) -VTIME (IFARM~1) ) ®#VVF (IFARM~1)
- *COS(VTHETA(IFARM~{))
YHR=YHE+(VTIME(IFARM) ~VTIME ( IFARM~1) ) ¥*VYVF (IPARM~-1)
~ ¥SIN(VTHETA(IFPARM-1))

2000 IPARM=IPARM+1{

2040 IF (IFARM.GT.NFARM) GO TO 2020
DPCT=(T-VTIME(IPARM-1)) /(VTIME (IFARM)~-VTIME(IFARM-1))
DP=VDF(IPARM-1 ) +DPCT* (VDF (IFARM) -VDP (IFARM-1))
RMAX=VRMAX(IFARM-1)+DFCT % ( VRMAX CIFARMI-VRHAX (TFARM-1))
VF=VVF (IPARM-1)

THETA=VTHETA(IPARM-1)
TE=T-VTIME(IFARM-1)

2020 CONTINUE
XH=XHE+TS#VF*COS(THETAY
YH=YHE+TS*¥VF 2 SIN(THETA)

XHN=XH/CNM
YHM=YH/CNM
IF (T.GT.THAXY GO TO 11900
DO 2025 J=1,NNY
DO 20235 I=1,NNX
QECT, HD=RXT, D)
2025 ETASCL, )=ETA(L,.))

C

C ESTARLISH ACTIVE (DISCHARGE) JUNCTIONS

C USE RBOUNDARY CONDITIONM OF NO FLOW ACROSS A ROUNDARY

¢ NQLX(J) IS THE POSITION OF THE NO FLOW COASTLINE ON THE J'TH COLUM
[
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DO 2100 J=1,NNYM1

DY=DYALD

DO 2090 I=1,NNXM1

DX=DXACT)

IF CIJLNELTLORGNETCL, D) LNEL) GO TO 2030

CALL HURCHCUSR, T, Jd,X,Y,VF,PINF,DF,RMAX, THETA,DT, DY,

- RHOW, XH, YH)

ETACL, ))=0.015625% (PINF~F(I,J))
2030 IF (NET(I, DI*NET(I+1,0)) 2040,2040,2050
2040 NQRX(I+i,.D=0.0

QAX{I+1,0)=0.001

NEEX (3 =T+1

GO TO 2040
2050 NQX(I,J)=1
2060 IF(NET(I, D*NETC(I,J+1)) 2070,2070,2080
2070 NAY(L, +4) = 0

QAY(T, J+1)=0.,001

GO TO 2099
2080 NQY(L,J+1)=1
2090 CONTINUE
2100 CONTINUE

CALL ETARCS (XH,YH,T,X,Y,VF,DF,RMAX, THETA, RHOW)
DO 2110 J=1,NHNY
DO 2110 I=1,NNX

2940 DI, ND=ETACL,J)+H(I, D)

c
C THIS FORTION OF PROGRAM FOR SWEEPS IN THE X~DIRECTION
[

IMPDIR=1

DO 3090 J=2,NNYM{

DY=DYACS)

DO 3630 I=2,NNX

DX=0. 5% (DXACI-1)+DXACI))

DX2=DXA(I)

FACTX=1.0

CalLL HURCH(USR, T, J,X,Y,VF,PINF,DP,RMAX, THETA, DT, DY,
- RHOW, XH, YH)

CalLL CALLFR(I,J,BF)

WX=0.5

CALL INLTC(I,J,BF,DT,FACTX,FACTY, WX, WY, TTCOUN, NBAR, NINL , IMFDIR)
FCTX(X, J)=FACTX

FCTY(L, D =FACTY

WWXX (T, J)=WX

WWYY (T, J)=WY

IF (NET(T-4, D*NET(L, D) LNE.O.0.ANDLWX.LT.400.0) GO TO 3000
AC(I)=0,0

BRCLIHI=0.0

CCCEY=0.0

DCCTI=0.0

GO TD 3010

3000 DBAR=0.S5x(D(E~1, H+DCT, 1))

IF (ARS(DRAR) (LT.0.004) DRAR=0.001

ACCI) =G DRARRD T/ DX%FACTX

RYHAR=0. 5% (Y (T4, JY+RY (T, DAQYCI~1, J+1)+QY (L, J+1))
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QR=SERT(RAXCT, D) e D QYRAR% D)

BCCI) =1 . 0+RF#QQ=DT/ (8. OxDRAR®R*2D)

IF (WX.GT.0.5) ROCI)=WX

CCDy=-ALCL)

DCCHI=QXCL, D+ (~DRARXDEDX (T, 1) /RHOU+UUX LT, J) ZRHOW-REXQYBAR ) % DT
3010 IF (NETCL,J).NE.0) GO T 3020

ACS(IY=0.0

BCS(I)=0.0

CCE(I)y=0.0

DCS(IY=0.0

GO TO 3030
3020 ACS(II=DT/(4.0%DX2)

RCECII=1.0

CCS(ID)=-AtS(I)

DCS{IDI=ETA(L, D-ACS (I ¥ (AX(T+5, D ~RX(T, ) -DT/(2.0nDY)*

- (RY (T, J+1)-QY (L, 0D
30360 CONTINUE

IDIR=1

CALL DSWEEF(IDIR,NNX,AC,RC,CC,DE,ACS,BCS,CCS,DCS,ETAC,QC, J,NET)
3050 DO 3040 I=1,NNX

QAX(I, =0CCI)
3060 ETA(Y, I=ETAC(I)
3090 CONTINUE

c
C THIS FORTION OF PROGRAM FOR SWEEFS IN THE Y-DIRECTIONM
C

IHFDIR=2

DO 4090 I=2,NNXM{

DX=DXA(T)

DO 4030 J=2, NNY

DY=0.3%(DYA(J-1)+DYALD))

DY2=DYACD)

FACTY=1.0

CALL HURCHCUSR, T, J,X,Y,VF,PINF,DF, RMAX, THETA, DT, DY,
- RHOW, XH, YH)

CALL CALLFRC(I,J,EBF)

WY=0.3

CALL INLT(I,J,BF,DT,FACTX,FACTY, WX, WY, IICOUN, NEAR, NINL, IMFDIR)
FCTX(Y, )=FACTX

FCTY (I, H=FaCTY

WWXX (T, J)=WX

WWYY (I, =Wy

IF (NETCI, J-1)%#NETCL, D) NE.O.O.AND.WY.LT.400.0) G0 TO 4000
AGC()=0.0

BC (O =0.0

CCCD=0.0

DLCH=0.0

GO TO 4010

4000 DRAR=0.5% (DI, J-1)+D (Y, dN)

IF (ARS(DEAR) LLT.O.001) DRAR=0.001

ACCH =LRDRARXDT /(2. 0%DY ) ¥FACTY

QXBAR=0.25# (X T, J- 1)+ QX T+, -1 +QX T, D ARXCTHT, )
RA=IERT (RXBAR®IVQY (T, Jyend)

RCCH=1.0+ RARDT/ (3. OxDRAR®®D)

TF (WY.L GT.0.5) DO =Wy

CCCDy=—ALCL)
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DC(J)=QY(I,J)MAC(J)*(ETAS(I,J)"ETAS(I,Jm1))+(“DHﬁR*DPDY(I,J)/RHUU+
- VUYL, J) ZRHOW+ REXQXTAR Y % DT
4010 IF (NETCL,JY.NE.O) GO TO 4020
ACS (I =0.0
KCS(=0.0
CCSC=0.0
DLS{II=0.0
GO 1O 4030
4020 ACS(JII=DT/(2.0%DY2)
RCS(I=1.0
CLS{N==-ACS (D)
DESCH=ETAL, D-DT/ 4. 0%DXI % ((RXCT+1 , D -QXCL, D)+
- (RS, H-RA8CT, )
4030 CONTINUE
IDIR=2
CALL DSWEEF (TDIR,NNY,AC, RC, CC,DC,ACS, BCS, CGS, DS, ETAC, QC, I, NET)
4050 DO 40460 J=1,NNY
QAY (T, D=RC
40460 ETACT, D=ETACLL)
4090 CONTINUE

REESTARLISH WET AND DRY GRIDS; DRY=0, FLOODED={
START AT IEND-1
DRYS UP IF ETA+H{(=0.0

aoQoco

DO 5030 J=2, NNYM{
DO 5030 I=2,NNX
IS=NNXM{+2~I

IF (NETCIS, ) (EQ. 0) GO TO 5030
ETA(IS, HD=0.67%ETACIS, HD+0.IFZXETASIS, J)
IFCETACIS,J) + HOIS, ) 5000,5000,5010

5000 ETA(IS, )=-H(If,.J)~0.0004
DAIS, HY=ETACLIS, H+HIS, D
NET(IE, J)y=0
GO TO 3020

3040 NET(IS, Jy={
DOLIS, D =H(IS, HDHETACIS,

5020 CONTINUE
3030 CONTINUE

[
C REESTABLISH ACTIVE (DISCHARGE) JUNCTIONS
C USE BROUNDARY CONDITION OF NO FLOW ACROSS & HROUNDARY
C HREX{U) T8 THE FOSITION OF THE NO FLOW COASTLINE ON THE J°TH COLUHN
C

DD 5045 J=1, NNYM{

DO 5060 T=1,NNXM{

IF (NETOL, HDRNETC(I44, 1)) 5035, 5035,5040
3035 NRX(T+1, )=0.,0

QXTI+, =000

NEERX(S)=T+1

GO TO 5045
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5040 NOX(T, )=
5045 IFC(NETC(L, J)#NET(I, J+1)) S050,5050,5055
FO50 NQY (L, ) = 0
QY (L, J+4)=0.001
GO TO 5060
5055 NQY (T, J+i)=1
50460 CONTINUE
5045 CONTINUE
C
DO 6020 J=2, NNYHM{
ICUR=TISETUF ()
CALL HURCHC(USR, ICUR,J, X, Y, VF,FINF,DF,RMAX, THETA,
- DT,DY, RHOW, XH, YH)
HO=HMAX*USQ/USRH
AAA=SART (BUX CTICUR, JY % 2+UUY CICUR, J) 3#%2)
HO=HO®ARS (UUX (ICUR, 1) Y /AAA
TO=2.13%SQART (HO)
HE=0 . 9346%HO
IF (BUXCICUR, ) .GT.0.0) HE=0.1
WEU=0.19%(1.0-2.82%SART (HE/(GXTO%XT0O) ) ) #HE
WSU1=WSU#1.0
WSU2=WEUx%1.5
IF(NSETUF.ER.0) WSU=0.0
ETASO (D =ETA(ICUR, )
ETAST ()=ETAC(ICUR, J)+WSU1
ETAS2(J)=ETA(ICUR, J)+USU2
NREXT (J)=ICUR
6020 CONTINUE
C
C ESTARLISH MOST SHOREWARD FLOODED STATION.
C NOTE-NEW SHORE ELEMENTS ARE ACTIVATED ONLY EBY FLOODING IN X-DIRECTION
c
DO 46450 J=2,NNYM{
IC=NQEX(J)
DX=DXA(IC-1)
6060 TF(ETA(IC,J)+H(IC-1,4)) 40BO, 6080,4070

4070 ETACIC~1,)=—H(IC~1, ) +0. 25%(ETACIC, JY+H(IC~1,0))
D(IC-1, D=ETACIC~1, ) +H(IC~1,.)
NET(IC-1,J)=1
AXAIC, D =-DXR(ETACIC-1, D) +HTIC-1,3))/DT
ETACIC, D=-H(IC-1, N +t0. 75 C(ETACIC, JY+H(IC-1,4))

4080 TF(NET(IC,+1)) 6090,460%0,61410

6090 TF(ETA(IC, D +HOIC, J+1)) 6910,6110,6100

4100 ETACIC, M4 )=~MHIIC, JHi)+0 238 (ETACIC, D)+ HOIC, J+1))
DOIC, JH=ETACIC, JH1)+HOTE, J+1)
NET(IC, J+1)=1
DY=DYA(J+1)
QY (I, J+1)=DY*(ETALIL,
ETACIC, D=-H(IC, J+1)+0.

1)Y+HCIG, J+4)) /DT
PESRCETACIC, DHOIC, J+1))

S0 TFONETIC, J-1)) 4120,6120,46140

4120 IF( ETACIC, DHHOIC, J-1)) 6140,4140,6130

6130 ETACIC, J=1)=-H{IC,J-1)1+0. 2% (ETACIC, D +HCIC, J~1))
DCIC, J~1)=ETACIC, J-9)+H{TC, 1)
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DY=DYA(JS-1)
NETC(IC, J-1)=1
QYCIC, J=1)=-DYR(ETACIC, J-1)+H{IC, J-1)) /DT
ETACIC, Jy=—HOIG, =1 240, 7S (ETACIC, I +HCEE, J-1))
DOIC, H=ETACIC, D +HIC, J)
6140 CONTINUE
4150 CONTINUE
IF(MODCJI, 1) LNELO) GO TO 10000
Cxxxxxx STORE ETA VALUES FOR TIME SERIES' OF GRIDS FOR FLOTTING 336335%
IC2=TC2+4
DO 8000 NFLT=1,NFLOT
JPLOT=(NPLT~4 ) %#2+4
KPLOT=YIFLOTCIFLOT) |
LPLOT=IFLOT (IFLOT+1) |
CVARCICZ, 1, NPLTY=ETALKFLOT, LLFLOT)
CVARCIC2, 2, NPLTY=ETAST (LFLOT)
CVARCIC2, 2, NPLTY=ETAS2(LPLOT)
Crxexxsse FIND MAXIMUM ETA'S OF GRIDS FOR PLOTTING 39555855 56 5 9656 56 36 30 5 % % 3 2 36 %
DO 8060 JJIJ=1,3
IFCETAMAX (NFLT, JJJD) DL TLEVARCIC2, JOJJS,NFLTY Y ETAMAX(NFLT, JJJd) =
- CVARCIC2,JJ00, NFLT)
8000 CONTINUE
Cruxxxsx FIND MAXIMUM ETA VALUES (NO SETUF) FOR ALL GRIDS 5695655565036 5 3 X 6 3 5%
DO 7000 JJJd=1,NNY
DO 92000 IITI={,NNX
IF (ETACIIIL, JOJD LGTLETHXCITIT, JJJJY)Y ETMX(IIYI, JJID=ETACIIYI,
- NERN)
000 CONTINUE
CTIME(IC2)=T/CHS

19000 CONTINUE
NFEIN=NFIN+1{
IF (MODCJJ-1,18).NE.O) GD TO 10020
WRITE(H, 10010) THR, XHN, YHN
10010 FORMAT(1HO, 'wxuxn’  *THR=',F10.2,' XHN=',F10.2,' YHN=',F{i0.2)
IF (MODCJJ-1,36).NE.G) GO TO 10020
CTH=COS((90.0-THETAC)/57.2954)
STH=SIN((90.0~-THETAC)/57.2954)
XHE2=XHN*CTH + YHNxSTH
YHE2=-XHN®STH + YHN®CTH
WRITE(4,10015)THR, XHE2, YHEZ2
10015 FORMAT(IHO,' UNRQOTATED COORDINATES: THR= *,Fie.2,
- 'O XHN= ', F10.2,° YHN= *',F10.2)
10020 CONTINUE
TFCONFINGER. V) LAND. (XHLLT.45.0.AND. XH.GT.-45.0)) GO TO 10030
IF (NFIN.EQ.14) NFIN={
GO TO 10080

C

c THIS DO L0
C - AVERAGE DEF
C
i

SALCULATES VELOCTTY AS A FUNCTION OF FLUX DIVIDED RY
TH OF TWO ADJACENT GRID ELEMENTS

0030 DO 10050 I=1,TEND
DO 10050 J=1,NNY
UXRCT, JY=0.001
UYR(T,.))=0.00f
IF (JLEQL1) DDUMY=D(I,.J)
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IF(I.EQ.IEND) DDUMX=D(I,.H
IFCTLERLIEND LORLJLERLE)Y GO TO 10040
DOUMX=(DCI+1, ) +DCT, 1) /2.0
DDUMY=(D(I, H+D(Y,J-1))/2.0

10040 UXCL, H=RX(1, . )/DDUMX

10030 UY (T, DH=RY(1,.0)/DHUMY
DO 10070 I=2, JENDM1
DO 10070 J=2,NNYM1 R
IF (I.ER.2) DUY=R2.0/(D(L,33+D(I,J-1))
IF (T.EQ.2)Y GO TO 100460

DUY=8.0/(DCI+1, J-1)+D T+, 1)eDLI-1,d-1)4+D(I~1, D +2%D X, J~1 )+

- 2%DCL, 1))
100460 DUX=8.0/(D(E,J=1)tD(I+1, J~4)+2%D(T, D+2%¥D I+, 4D CT+E, J+1)
- +DCI, 0+1))
RYR=(RQY (L, D +QY (L, JH)+QY (T, D+RY(I+1,J+1)) /4.0
QXR=(RX (L, JYERX(T, J- 1)+ QX CT—4, D +RX(I-1,J~1)1/4.0
UXRCOI, JY=8QRT(QX(T, ) #x2+QYR®%2) #DUX
10070 UYRC(I, D=SRRT(RY (T, 1) %%2+XR%%2) %DUY
NTEST=0
10080 CONTINUE
DO 10140 J=1,NNY
DO 10100 IS0=9,NNX
IF(ETACISO, J)+H(ISO, ) .GE.~0.0001) GO TO 10090
AREA(TS0)=DRY
GO TO 10100
10090 AREA(ISO)=UET
10100 CONTINUE
10110 CONTINUE
103500 CONTINUE
c

C R NHHNHENRIREREHNURXXE END OF MATN LOOF 2336369656 36 36 3 36 36 36 36 36 3 9636 36 6 36 36 3 36 36 3636 1 36 36

c
11000 CONTINUE
WRITE(4,11005)
11005 FORMAT(AHY,//,1H ,'TIME SERIES FOR PLOTTING GRIDS',//)
I5=~1%
DO 11040 J=1,NFLOT
I5=I5+2
WRITE(S,11010) IPLAOTCIS), IFLOT(IS+1)
11010 FORMAT(IH ,'GRID (',I2,',',I2,')'/)
WRITE(4,11020) (CTIMEC(KS) , (CVAR(KS,I,d),I=1,3),Ké=1,1IC2)
11020 FORMAT(IH ,F6.2,3F10.3,5%,F6.2,3F10.3,5X,F4.2,3F10.3)
WRITE(S,11030)
11030 FORMAT({HI,//)
11040 CONTINUE
WRITE(33,11050) CASE
11050 FORMAT(ARO)
DO 11090 I=1,NFLOT
JECT-1 ) %244
K=IFLOTCD
L=TPLOTC(J+1)
WRITEC(IZ, 11040) IPLOTCL), IFLOT(Oe1), TC2
11060 FORMAT(2I3,15)
WRITE(33,11070) (CTIMECLL), CCVARCLL, MM, T, MM=1,3),LL=1,TI02)
11070 FORMAT(AF7.2,3X,4F7.2)
WRITE(S,11080) K, L, (ETAMAX (I, M), M=1,3)
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11080 FORMAT(IH , "ETAMAX FOR GRID €, T2,',',12,') = ', 359,

11090

11100

11110
11120

11130

CONTINUE

WRITE(6,11100)

FORMATC(1HY, 7/, MAXIMUM ETA VALUES FOR ALL GRIDS (NO SETUF)Y',//)
DO 114120 JJJJ=1,NNY

WRITECS, 11440) JJJ, CETMXCIXXY, JJJS), TTT =1, NNX)
FORMAT(1HO, I3, 3X, 10F7.2,/,104H ,6X, 10F7.2,/))

CONTINUE '

IFLAGZ=0

60O TO 270

STOR

END

[ L - -

oo

SUBROUTINE HURCH (USQ,T,.J,X,Y,UH,FINF,DF, RMAX, THETA,
DT, DY,RHO, XH, YH)

COMMON 7a/7 UUX(140,410),UUY(110,110),FPC110,110),H(110,110),

DFDX(140,110) ,DFDY(110,110),DX

DIMENSION X(1440),Y(440)

*3#  BEWARE »x SOME SIGNS HAVE REEN MODIFIED TO ACCOUNT

FOR LEFTHANDED COORDINATE SYSTEM.

COR=0.6563E~04

UCR=23.6

RHOA=0.0024

IFCILNE.O)Y GO TO 40

XP=—RMAX®SIN(THETA)

YP=RMAX®COS(THETA)

I=1

J=1

GO TO 20

10 XI=I

Xd=J
XF=X(I)-XH
YP=Y(J)~YH

20 R=SART(XF*XF+YP®YF)

c

IF(R.LY.2200.0) R=2200.0
RAT=RMAX/R :
EXPO=EXF (-RAT)
USG=-DF/ (RHOA®R Y #*RATHEXFO/COR
UC=SQRT (~-DF/RHOAXRAT*®EXFO)
ALFHA=ATAN2(YF, XF)
BETA=ALPHA-THETA

RRT (GANMAR X244, O) ~HAMMA
ATIO*O. 9

USRESTNC-ALFHALD . 31)
UYY=-USQ*C0S (-ALFHA+0.31)
PO, Y =PINFADF® O] L O~EXP0)
DFDR=~DF*RAT/REXF0

DPDXCT, D) =DPDR#COS (ALFHA)Y
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DFDYC(Y, D=DIFDR*SINCALFHA)
WSC=1 . 0E~04
IFCULLTOUGCRY GO TO 30

WEC=WEC+2 SE-04% (1 L Q~UCR/ Y %x2
30 CONTINUE
AA=1.0
IFHCT, DLLT.0.60) AA=D.S
UUX T, ) =AARRHD WS CrLIXX
UUY T, D =UYY*aasRHO*USC
T =1
IF (IJK.ER.1) GO TO 80
IF(MODC(I,10).EQ.1.AND.J.EQR.10) NSF=0
IF(NSFP.LEQR.1)Y GO TO 80
WRITE(S,40)1,J, XH, YH, XF, YF, R, RHAX, RAT,F(L, ), DFDX(I, J),
- DFDY (T, J)
40 FORMATC(IHO, "*I=',13," J=',13,"' XH=',E12.4," YH=',E12.4,"' XF=' E12.4
- L'V YP='LEL2.04, 0 R=',E12.4,' RHAX=',Ei12.4,
- /iH 'RAT=',E12.4," P(I, 0= E12.4,
- DPDXAL, D=L E1204, 0 DRDY(I, D)= ,E12.4)
WRITE(S,50) 1,J,EXF0O,COR,RHOA,USG,DF,PINF, ALFHA, BETA, VFRIME
50 FORMAT(4HO, "I=',13,"' J="',13," EXPO=',E12.4,' COR=',E12.4,
- 'ORHOA=" ,E12.4, " USG=',E12.4,"' DP=',E12.4,' PINF=',E{2.4,
- /1H ,
- Ei2.4,' BETA=',E{2.4,*' VFRIME=',E{2.4)
WRITE(S,60) I,d,UH,GAMMA, RATIO,USE, U, UXX,UYY
60 FORMAT({HO, 'I=*',13,' J=',I3,"' UH=',E12.4,' GAMMA=',E{12.4,
- ' RATIO=',E12.4,'USG=",E12.4,"' U=",E12.4,"' UXX=' ,E{2.4,
=t uUYY=s'L,E12.4)
WRITE(S,70) I,4,USC,UUX(T, ), 00YL(T, ), THETA
70 FORMAT(4HO, 'I=',13,"' J=',13,
= ' WSC=',E12.4, YUUUXCD, D=L, E12.04, 0 UUYCI, =0 L E12.4,
- ' THETA=',E{12.4)
NSF=1{
80 CONTINUE
RETURN
END
c
C -
C
SUBROUTINE ETARCS (XH,YH,TS,X,Y,VF,DP,RMAX, THETA, RHOW)
COMMON /A7 UUX(110,140),UUY(110,110),F(110,110),H(110,110),
- DFDX(110,4140) ,DFDY(110,110),DX
COMMON /B/ ETACI10,140),QX(110,110),QY(110,110) ,NQEX(i10),TIDE,
- DY, NNX, LEND
COMMON /C/ I8,
COMMON /E/ FINF,DT,NNY
COMMON /F/ U
DIMENSION X(110),Y(110)
e
C THIS SUBROUTT (T ETAS AT SEAWARD GRID IN BALANCE WITH
M BAROMETRIC FR URE. AND $ ETAS AT TWO LATERAL BOUNDARY ELEMENT
G ROWS IN BALANCE WITH THE BAROMETRIC FRESSURE
C ESTARLISH ETA AT OFFSHORE END  AND FLOW INTO OFFSHORE ELEMENT DUE
G TO CHANGES 1IN ETA

™

JH IS X HURRICANE INDEX
US@=0.0
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JENDMi=TEND-1{

NNYP{=NNY+1{

NNYM1{=NNY -1

HOW=1 .99

G=32.2

AA=1 L0/ (RHOW=G)

A8T=0.0

DO 45 J=1, NNY

IFCHOIEND, DD+ETACTEND, J).LT.0.0) GO TO 45

CALL HURCH(USR,XEND,J,X,Y,VF,PINF,DF,RMAX, THETA,DT, DY,

1 RHOW, XH, YH)

TETA=ETACLEND, J)

ETACIEND, D=TIDE~AAX(F(IEND, J)~FINF)+AST

QXCIEND+1, D =QX(TEND, J)~(ETACTIEND, J)-TETA)*DX/DT
45 CONTINUE

ESTARLISH ETa AT TWD LATERAL BOUNDARY ELEMENT ROWS AND EOUNDARY
FLOW, QYC(L,1) AND QY(I,NNY) INTO AND FROM THESE ROWS

NREX (NNY ) =NQEX (NNYM1)
DO 50 J=1,NNY
NLIMIT=NRRXC.D
50 @X(NLIMIT, )=0.001
J=1
IRP2=NREX{2)+2
DO 70 I=IRFZ, TEND
IS=TEND+IRF2-1
ISP=1I8-1
IFCHCISF, D+ETACISF, D .LT.0.0) GO TO 70
cALL HURCH(US®,ISF,J,X,Y,VF,PINF,DF,RMAX, THETA, DT, DY,
- RHOW, XH, YH)
TETA= ETACISF,1)
AST=0.0
ETACISF, ) =TIDE~AA% (F(ISF, J)-FPINFI+AST
QY (ISF, D=RYC(ISF, 2)+(ETACISP, H-TETAY®DY/DT
70 CONTINUE
J=NNY
IBF2=NAEX (NNYM1)+2
DO 80 I=IRF2,TEND
IS=TEND+IRP2-1
ISP=18~1
IFCHCISR, JYHETACISP, D .LT.0.0) 60 TO 80
CaLL HURCHAUSR, ISF,J,X,Y, VF,PINF,DP,RMAX, THETA, DT, DY,
- RHOW, XH, YH)
TETA=ETACISF, J) ]
ETACISF, D =TIDE~AA*® (P (TSF, ) ~FINF)
QY (ISP, NNYP4 ) =RY (TSP, NNY)~(ETACISF, D ~TETAY*DY/DT
80 CONTINUE
70 RETURN
END

SUBROUTINE CALLFRCOT,J, BF)

COMMOMN /A7 UUXCE40,110),0UY(140,140) ,F(440,110),H(110,110),

- DPFDX(110,140),DPDY(110,110),DX

COMMON /R/ ETAH40,440),0XC110,410),QY4410,110), NQBX(1410), TIDE,
- DY, NNX, TERD
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COMMON ZH/ IFFACT(110,140)
BFSUM=0.0
TFSUH=0.0

DO 3 1P = 4,2

IFH = JP-{+1

DVA = ETACIFM, H+H(IFM, D)
2 = Dva

IFA = IFFACT(IFH,.J)

CALL FRICT(IFA,DVA,RF,TF,D2)
RBF SUM=HF SUM+EF

[ ST TR .

BF=RF /A2
RETURN
END

SUBRDUTINE COMF(FHI, A1, A2,A3,A4,A5, 01, 1F, TF, D2)
AL=A4+ASRD2/40.0

IF(A6.CT.1.0)A6=1.0

TF=TF+Ab

D3 = D2

IFCAZ.ER.5.47) D3=Di

5 TFSUM=TFSUM+TF IF(PHILER.1.0) GO TO 10
BF = BFSUM/2.0 FHI = 1.0/ (ABSC(AT+A2%ARS (DI %#1 . 333) ) k%05
TE = TFSUM/2.0 10 RE = 1.28/((FHI¥x2) % (ALOGCARS (AZ*DI+4.0) ) ) xn2 ) +EF
C TF = §.0 RETURN
UUX (T, D =UUX(T, J)*TF END
UUY (Y, D=UUY (T, DxTF e - e o e e e
RETURN SURROUTINE RARR(N, T,J,F,DT,FACTX, FACTY , WX, WY, ITCOUN, NTHL)
END COMMON /RAFR/ NORRAR(50), IBAR(S0) , JBAR(S50) , XLEAR(S0) , HEAR(S0),
C e e - e —_— * WEAR(SO) , FRAR(50), XKEX(50) , NORINL(50), TINLL(50), JINL¢50),WINL(50),
SURROUTINE FRICT(IREM,D{,EF,TF,D2) #* DPINL{50), XKENEX(50) ,FINL(50),XLINL(50)
IF(IREM.GE,10) GO TOQ 10 COMMON 76/ UUX(110,110),00Y¢1410,110),F(110,140),H¢{10,110),
I12=4 - DFDX(140,410),DFDY(116,140),DX
O TO 40 COMMON /B/ ETA(110,410),8X(1410,1410),0Y(110,110),NARX(§410), TIDE,
10 IF(IREM.GE.100) 6O TO 20 - DY, NNX, TEND
I12=2 G o= 32.2
GO TO 40 [
20 IF(IREM.GE.1000) GD TO 30 I THE PRESENT TREATMENT IS FOR SUEBMERGED RARRIERS ONLY
12 =3 c
GO TO 40 NORE=NORKAR (N)
30 IFCIREM.LT.10000)I2=4 IMi=I~1
40 BF=0.0 IC=1
TF=0.0 JH =
IDIV=40%xI2 JC=4
DO 96 I=1,I2 DL=DY
IDIV=IDIV/{0 DS=DX
ITEST=IREM/IDIV RC=RX (IC, JC) .
GO TO (50,60,70,80,85),ITEST IF (NORB.EQ.{) GO TO 10
56 FHI={.0 IMi=1
IF (D1 .LE. 10.0) Di=10.0 NETENEE|
D2 = Db DS=DY
CALL COMF(FHI,0.0,0.0,5.47,1.0,0.0,D1,8F,TF,D2) DL=DX
GO TO 90 RE=QY (LI, JC)
40 FHI=0.0 10 CONTINUE
CALL COHP(FHI,0.999,0.34,10.94,0.3,0.0,D1,EF, TF, D) Di=H(IME, JHEY+ETACIM, UM1)
GO TO 90 DI=HCIC, JCY+ETACIE, JC)
70 FHI=1.0 C
CALL COMP(FMI,0.0,0.0,0.%4,1.9,0.0,D1,8F,TF,D2) C---~AVERAGE WATER SURFACE FLEVATION
6O TO 90 c
80 FHI=0.0 ETARAR=O .S (ETACIMA, JMIY+ETACIC, JC))
CALL COMPLPHT, 0.969,0.544%,10.94,0.3,0.7,01,KF, TF, D) Wi=DL
GO TO 90 W3=DL
85 FHI=0.0 DX4=0.5% (DS-XLHAR(NY)
CALL COMFC(FHI,0.464,0.204,10.94,1.0,0.0,D1,8F,TF, D2) DX3=DX4
90 IREM=TREM-ITEST*IDIV o
AZ=FLOAT(T2) C THIS NEXT LOOP DETERMINES WHETHER TH IS AN INLET
TF=TF/A2 C THROUGH THE BARRIER OF CURRENT INTERE
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LO0O000

50

b6¢

<

DO 20 NI=1,NINL

IF (TINLANTY ONE.TLORLJINLCNIY LNEL ) GO TO 20
NINC=NT

WI=WINL(NINC)

IF (NORINL(NIY.EQ.NORK) GO TO 30

CONTINUE

WI=0.0

DEFTH OVER BARRIER

DRAR=ETARAR+HEAR(N)

DXE=XLEAR(ND

FR=FRAR(N)

WE=WEAR(N)

IF (DBARLLE.O.O) WE=0.0

IF (WI.GT.0.0.0R.WE.GT.0.0) GO TQ 40

IF DBAR IS GREATER THAN ZERO, RARRIER IS OVERTAFFED

WE=500.
FACT=0.0
GO TO 70

THIS SECTION FOR GRID LINES WITH INLET THROUGH BARRIER
WHETHER OR NOT BARRIER IS OVERTOFPED

DI=DPINL{NINCY+ETARAR

FI=FINL (NINC)

DXI=XLINL(NINC)

CONTINUE

IF (WR.NE.0©.0) DX2=DXR

IF (WI.NE.©.0) DX2=DXI
TI=DX1/(D{%*Wi)

T3=DX3/(DI*W3I)
T4=F%DX{/(8.0#Ui%D{xx2)
TS=F#DX3/(8.0#WIXkDIxx2)
T21=0.0

T22=0.0

T6=10000.0

T7=106060.0

T8=10000.0

T?=10000.0

T&T=10000.0

TB?=10000.0

IF (WE.ER.0.0) GO TO 50

TR2=WR/ (DRARRWE) %312

BRDXR/ (8. 0rWEWRADEAR®®3)
KEX{NY /(2. 0%DRAR®DRAR ¥ WEN L)
TH?=(TBHTP) % CWE/ CWEHWT ) Y e n
IF (WILER.0.0) GO TO 49
T24=WI/(DI*WI ) %2
To&=FT*DXI/Z (B, 0D axInTrx)
T7=XKENEX (MINC) A (2. 08D DTl I*Wl)
ALFHAT=T&+T7?

ALPHAR=TZ+T®
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70

80

20

100
iie

120
130
140
150
140

170
180

190

200

20
220

230

SAT=SRRT(ALFHAL)

SAR=SQRT (ALFHAR)

T2=(T29 %W I*DI+T22xWEHDIAR) #DX2/ (WER+WT)

XMU=TH /(D4 %WI Y +DX2/ (WB+UT Y % (T2 +T22) 4T3/ (DARWE)

FACT=2.0/ (XMU%DLY % (T1+T24T3) /(D1+D3I)
TEMP=ALFHAT#WI®DI/ (1.0+SAT/SAR) k%2 +ALFHABRUEHDIARS (1 . O+SAR/SAT ) %33
US=(DL/DE) #(TA4+TE+TEHF) *ARS (QC)

WE=WS*DT+1 .0

CONTINUE

IF (NORBAR(N) LEQ.1) GO TO €90

FACTY=FACT

Wy=Ws

GO TO 90

FACTX=FALT

WX=WS

CONTINUE

NZIF = 0

IF (NZIF (EQ. 0) GO TO 250

IF (IICOUN.GE.19) GO TO 250

IF (IICOUN.GE.20) GO TO 250

IICOUN=TICOUN+{

URITE(S, 120) ITCOUN,N,NINC, NORBARCN) , TRAR(N) , JRAR(N)

WRITE(S,130) IM{,UMs,IC,JC,DL,DS,QC,D1,D3

WRITE(H,140) HOIC, JCI, HOIME, M), ETACIC, JC)Y ,ETACINS, JH1) , ETARAR
WRITE(S,150) Wi,W3,DX1,DXZ,DXR, DX2, DRAR, HRAR(N)

WRITE(S,150) WI,FE,DI,FY,DXI,DX2

WRITE(S,170) Ti,T3,74,75

WRITE(&,180) T21,T22,78,79,T89

WRITE(S,190) T&,T7,T47, T2, XMU,FACT

WRITELS,200) WS,DT,FACTX,FACTY, WS, WX, WY

WRITE(H,290) WR,F

WRITECS,220) QAXCIMT, JM1), QX CIC,JCY, QY CIMT, JME )Y, QY CIMY , JC+4)
WRITE(S,230) UUXCIMT, M), UUXCIC, JC)Y, BUY (IMY, UM1) , UUYCIC, JC)
UWRITE(S, 240) DFDXCINY, JM1), DFDXCIC, JC), DFDY (IMY, JM1), DEDY(IC, JC)
FORMATCIHY, 'IICOUN=",13,/4H0, "N="',1%,"' NINC=',I3,' NORRAR(N)=',
¥ I3, IRAR(ND=',I3,' JHEAR(N)=',I3)

FORMAT(4H , "IMi=",13," JIMi=',13,"
® F8.1,* D&=',FB.1,' QC=',FB.3,°
FORMAT(1H , 'H(IC, JC)="' ,F8.3,"
¥ F8.3,' ETAIMI,JHMi)=',FB8.3,' ETARAR=',F8.3)
FORMATCiH |, *Wi="',F8.1," W3=',FB.1,' DXi=',FB8.1%1,"'
* ' DXE=',F8.1,' DX2=',F8.1,' DKAR=',F8.3,°'
FORMAT(1H , 'WI=',F8.4,' FR=',FB.5,"
* ' DXI=',F8.4,' DX2=',F8.1)
FORMATCIH ' Ti=' E12.5,' T3=',E12.5,' Ta=',Ei2.5,' 7TS=',E12.5)
FORMATCIH |, T29=" E42.5," T22=',E{2.5,' 7T8=',E12.5,' T9=',
* E12.5,' T8%=',E12.5)

FORMATCIH |, ' Tés="' E42.5,  T7=',E12.5,"'
* 0 XMU='  E12.5,  FACT=',E{12.5)
FORMATC4H |, "WS8="',F8.5,' DT=',FB.3,' FACTX=',FB.5,"
® FB.5, ' WS=' ,FB.5,' WX: 3.5,"  WY=' ,FB.%)

FORMAT (1M, "WR="' ,F8.1," ,F8.5)

FORMATCAIH |, PQXCTME, M) =" ,E12.4, " QX(IL,J0)=',E12.4,
¥ QY CIMY, UM = B4R, QYCIMY, JCe1) =" ,E{12.4)
FORMATCHH |, "UUXCIMY , UMi) =" ,E12.4, "  UUX(IC,J ) ="', E42.3,
¥ UUYCTME L JME =", E42.4, " UUYCIC, JG) =" ,E{12.4)

IC=',13,' JC=',I3,' DL=',
Di=',F8.3,' D3=',F8.3)
HOIMY, UMi) =2 ,FB.L3, ' ETAUIC, JC)=",

DX3=" ,FB.1,
HEAR(NY=",F8.3)
DI=',F8.3,' FI=',F8.5,

Té7=",E12.5," T2=',E{12.5,

FACTY=",

hea ]
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240

250

FORMAT(iH |, 'DPDX (TN, JMi ) =" E
®* ' DEDY(IMY,  Mi)=' , E12.4,"'
RETURN

END

2.4, DEDX(IC,JCH ="', E42.3,
DFDYCIC, JCY=" ,EA2.4,///77)
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SUBROUTINE DSWEEF(IDIR,NNY,A,K,C,D,AS, RS, C8, DS, ETAC, QC, JC,NET)

COMMON /R/ ETAC110,110),QX(110, 110) RY(110,110) ,NQBX(110),TIDE,
- DY, NNX, TEND

COMMON /F/ 3

DIHENSION AC110), BO110), CC110), D11Q), EC11@), F(i10)
DIMENSION AS(110) , BS{110),C8(110),DS110),ESC(110),FSU410)
DIMENSION QC(110) ,ETAC(I40)

DIMENSION NET(110,110)

DATA IICOUN/O/

IF IDIR= 1, SWEEF IN X-DIRECTION
IF IDIR=2, SWEEF IN Y-DIRECTION

NNM4=NNI~1{
IF (IDIR.EQ.2) GO TO 10

CARRY OUT FIRSYT SWEEF TO CONDITION COEFFICIENTS

E(NNI)=0.0
FINNI)=ETA(NNI, JC)
ETAC(1)=ETA(1,JC)
G0 TD 20
10 CONTINUE
E(NNI)=0.0
FANNID=ETA(JC,NNI)
IF (NET(JC,NNI).EQ.Q) F(NNI)=0.0
ETAC(1)=ETACJC,NNI)
20 DO 30 I=2,NNMi
IC=NNM{+2~T
ICP=IC+{
DEN=A(ICP)®E(ICP)+R(ICF)
IF (DEN.ER.0.0) DEN=1{.0
ES{ICY=-C{ICF)/DEN
FSCIC)=(D(ICF)~ACICF)XF(ICF))/DEN
DEN=AS(ICYXES(IC)+RS(IC)
IF (DEN.EQR.0.0) DEN=1.0
ECICY=-CS(IC)/DEN
FOIC)Y=(DECIC)-ASCICI¥FS(IC)Y ) /DEN
30 CONTINUE

CARRY OUT SECOND SWE TO ESTARLISH ETA AND

fon]

DO 40 I=2,NNT

IM=1~1

RECCHI=ES(IMI RETACCIMY +FECTIM)
ETACCII=E(T)%QC L) +F (1)
CONTINUE

EC1)Y=ETAC (1)

E(NNI)=ETAC(NNI)

=) ETAC(I) QCCIY', /27D
WRITE(S,100) (I,ACI),E(I),CCI),DLI),ECI),FCL),ASCT), BE(ID),C8D),
1 DS([) ES(I),FS(I) ,ETAC(T), QC(T) I =1, NNT}
C 100 FORMAT(I4,3F9.4,F9.2,5F%.4,F9.2,2F9.3,2F%.2)
110 RETURN
END
[ e et e ot e e - -t -
SUERROUTINE INILY(I, J EBF,DT,FACTX,FACTY, WX, WY, TICOUN, NRAR, NINL ,
- ]HPDIR)
COMMON /F/ JJ
COMMON /BAR/ NORBAR(S0), ITRAR(50)Y, JBAR(SO) , XLHAR{S0) , HEAR(30),
= WRAR(30),FEAR(S0), XKEX(50) ,NORINL(50), IINI(50),JINL(SO) MINL(WO)
=~ DFINL(50), XKENEX(SG) FINL(SO) XLINL(50)
FACTX=1.0
FACTY=1.,0
IF (MEAR.ER.0) GO TO 20
DO 10 N=1,NEAR
IF (THAR(N) .NE. T.0R.JRAR(NY LNE. J.OR.NOREAR(N) .NE, IMFDIR)
- GO TO 10
CALL BARRCN,I,J,EF,DT,FACTX,FACTY, WX, WY, IICOUN, NINL)
10 CONTINUE
20 RETURN
END

C

CF06 303 IS I UK DI I K6 16006000600 00036 D006 3606 00 06 06 56 06 960 26 3 26 06 9636 296 6 -0 6 36 3636 3 16 B
C

C WRITE(&,80) JJ,J0C

C 80 FORMAT(IHY,' DSWEER: JJ=',14,°' JC=1, T4)

C IF (JJNE.O7.0R.CJC.NE.40.AND.JC.NE.10)) GO TO 40

c WRITE(S,90)

£ 90 FORMAT ({H~, ' I AlL) B(I) G DI

c ~E(I) F{I) ASCI) BRSCI) [P DSCID ESCD F8(I
C

[

[
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APPENDIX B
1-D STORM TIDE MODEL*

"This program represents a numerical modeling procedure that is ;ubject
to change due to: 1. newly encountered topo-bathymetric and hydrau]1c.
boundary conditions, and 2. incoporation of new advancements quantifying
coastal processes. This program is applied on a county-by-county basis and
is subject to acceptable calibration constraints recommended by the Beaches
and Shores Resource Center and approved by the Florida Department of Natural
Resources.
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’ L3
LecccecoccecccececcccLcececocceccecrecoccccececcoccocccccecceceoccececoecoerreeeeeee
M
e
> ONE-DIHMENSION NUMERICAL STORM SURGE MODEL
C
c
C
CCCotCcoCcCcOocoCooeooccooceoococccccocceoeccoceocceocooccocorecceccocconecoceoceee
C

DIMENSION CTS(3,5,1200),COUNTY(4) ,PROFIL(5), CASE(S) ,DATE(S)
DIMENSION HC(200),X(200),ETA(200),QY(200) ,EMXHN(E,2)

10 FORMAT(S5A4)

20 FORMAT(3AA,15,2F7.2)

30 FORMAT(S5(F?.0,F7.2))

A0 FORMATC(IOF?7.4,313)

100 FORMAT({H )

110 FORMATC({H, 'ONE-DIMENSION NUMERICAL STORM SURGE MODEL',T49,
1 'RUN DATE: ',6A4,/74H ,41(C'~"'),//7/)

120 FORMATCIH ,4a4,4X,504,/4H ,400'-'),///)

130 FORMAT(EH , 'FROFILE DATA —~ (DIST,DEFTH):',/)

135 FORMAT(S5({H ,5(F7.0,F7.2,2%),/7))

140 FORMAT(iH—, 'INFUT PARAMETERS:',//fH ,
i TPINF= L F8L2,T26, ' FPO=" ,FB.2,T541, 'DF="' ,FB.2,/1H ,
2 'ZLAT=",F8.2, T2, 'RMAX=",F8.2,/1H ,
3 'COR="',E12.4,T26,'VF=",F8.2,/1H ,~
4 'THETAC=' ,FB.2,T26, ' THETAN=" ,F8.2,T51, 'THETA=" ,F8.2,/1H ,
5 'XSITE=',F8.2,T26, 'XHC=",F8.2,TS1, 'XHE=",F8.2, /1H ,
b 'YSITE=',FB8.2,T26, 'YHC="' ,F8.2,T54, *YHRE=",F8.2,/1H
7 CXOFF=',F8.0,T26, "DIST=",F8.2,/1H ,
8 'DT=',FB.2,T26, ' TMAX=",F8.2,T51, *NTIMES=",1I3)

145 FORMATC(IH ,4A4,4X,5A4,20X,584,/74H ,80C0'-'),///)

150 FORMATC(4H—, 'TIME STEF ', I5,5X,'TIME="',F8.3,' HRS.',35X, 'XH=",
1 Fo.2," NJMIL',5X, 'YH=",F?.2,' N.MI.',//,1H ,
2 TSTORM SURGE, ETACIY IN FEET AROVE MSL —— (I, ETAY:',//,
3 (iH ,6(1I5,F9.3)))

1460 FORMAT(IH , 20X, 'CONDENSED TIME SERIES OF STORM SURGE ETAS',//1H ,
i 4A4,4X,504,20X,504,/7/7/4H
2 20" TIME SURGE SETUFP W/SETUF W/DYNMC V)

i70 FORMAT(IH ,F5.2,4F8.3,6X,F5.2,4F8.3)

i75 FORMAT(FS.2,4F8.3,46X,F3.2,4FB.3)

180 FORMAT({1H~, "MAXIMUM SURGES FOR ',444,2X,5A44,2X,5464,//71H ,5X,4F8.3)

C
[

3247
*T=3. 1414

180.0/F1
OKFY/ (24, 0xCHR)
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. n
THETA=THETA/CDEG
KHE=XHERCNM
YHE=YHE*TNM
C
READ(5,10) COUNTY DO 310 Y=1,IMPt
READ(S, 20) PROFIL, IMAX, XSITE,YSITE RY(I)=0.0
READC(S,30) (X{I+1),H(I), I=1, IMAX) 310 CONTINUE
c
WRITE(S,110) DATE ' DO 320 I=t1,5
WRITECS,120) COUNTY,PROFIL EMXMNLL, 1)=0.0
WRITE(S,130) EMXMN(Y, 2)=0.0
WRITE(4,135) (X{(I+1),H(I), I=1,IMAX) 320 CONTINUE
C
TIMSC=-DT
IMF{=THAX i IS=0
XOFF=XSITE*CNM C .
X(1)=0.0 CALL HURCH(TS, X, XSIT,YSIT,XH, YH,PINF,DF,RMAX, VF, THETA,
DO 290 I=1,IMF{ ’ 1 - RHOW, RHOA, COR, USQ, F, TAUX, TAUY)
XCIY=X (D) +X0OFF c
290 CONTINUE USAM=USR
DO 295 I=1,IMAX UMAX=SQRT (USR) #CHR/CNM
295 H(I)=H{I)+0.8 AA=—RMAX#DF/ (CNM*CHG%100.0)
WRITE(S,135) (X(I+1),H(I), I=1,IHAX) AA2=0 ., 1 60XVF/SART (UMAX)
HMAX=16 . S*EXF (AAY % (1.0+AAZ)
TMAXI =8 6%EXP (AA/2.0) % (1 . 0+AAZ/2.0)
XEIT=XSITE*CNM c
YSIT=YSITE®CNM C
300 .READ(S, 10,END=999) CASE DO 600 NTIME={,NTIMES
READ(5,40) DT, THETAC, ZLAT c
READ(5,40) FINF,DF,RMAX,VF, THETAN, XHE, YHE,DIST, THAX, THIN, WsU=0.0
1 NFARM, NTIDE, ION TIMSC=TIMSC+DT
XH=XHE+VF #TIMSC*COS (THETA)
YH=YHER+VF*TIMSCxSINC(THETAD
FO=FINF+DF TIMHR=TIMSC/CHR
THETA=THETAN-THETAC+90.0 XHN=XH/CNM
IF (THETA.GT.340.0) THETA=THETA~340.0 YHN=YH/CNM
IF {THETA.LT.0.0) THETA=THETA+340.0 C
COR=2 ., 0x0OMEGAXSTIN(ZLAT/CDEG) c '
NTIMES=IFIX(TMAX*CHR/DT)+1 ETASUM=0.0
INTERV=IFIX{CHR/DT/2.0) SUMSTR=0.0
INTERA=4%INTERV CSUM=0.0
NSTORE=IFIX(180.0/DT) . c
IF (NSTORE.ER.0) NSTORE={ DO 500 I=1,IMAX
IS=TMAX-1+1
WRITE(S,110) DATE CALL HURCH¢IL, X, XSIT,YSIT,XH, YH, PINF,DF, RMAX, VF, THETA,
WRITECS,145) COUNTY, FROFTL , CASE 4 RHOW, RHOA, COR, USR, P, TAUX, TAUY)
WRITECSH, 140) FINF,FO,DF, ZLAT, RMAX, COR, VF, THETAC, THETAN, THETA, ‘Rz L O/ (RHOWRG) % (FINF-F)
1 XSITE, XHC, XHR, YSITE, YHC, YHR, XOFF ,DIST, DT, THAX, NTIMES =X IS+ ) -X(TE)
TOETH=H(IS)+ETASUM
FINF=FINF*CHE IF (TLEQ.4) TDFTH=H(IS)+TIDE
: eCHEG IF (TDFTH.GT.0.0) GO TO 400
®CHG GO TO 450
MAXHCNM 400 SUMST UMSTRATAUX®DX/ (RHOW*G*TDFTH)
M/ CHR ETACIS ) =ETAFR-SUMSTR+TIDE
THETAC/CDER ETASU TACLS)
THETAN=THETAN/CDEG THPTH=H(TIS)+ETASUM
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BR=§ L O+DTRFRICT®ARS (QY CLE) )/ CTDRFTHR THETH)

=CSUM+CCTIDE
ETACLSY=ETACISY+COTIDE
ETASUM=ETA(IS)

IF (IS.NE.1) GO TO 500
450 HO=HMAXxARS (USR) 7USHM
IF (USR.GT.0.0) HO=1.,0
TO=2.13%xSART (HO)
HE=0 ., 934%HO

c
USU=0.19%(1.0-2. 82%SART (HE/ (GxTOXTO) ) ) xHE
C
c
ETASUM=ETASUM+BETA2%WSY
IF ((ETACIS)+H(ISI).ET.0.0) GO TO 500
ETA(1)=0.0
GO TO 510
c .

500 CONTINUE

C

3t0 CONTINUE
NTM=(NTIME~1)/NSTORE+1
CTSCi, 4, NTM)Y=TIMHR
CTS(1,2, NTMY=ETA(1)
LTS, X, NTHY =S
CTS (4,4, NTHI=ETAL1 ) +UHSU
CTS(1,5,NTHY=ETA(1)+1 . 5xUWSU

DO 520 I=2,5
IF (CTSC1, I, NTMYLGT.EMXMNCI, §)) EMXMNCL, §)=CT8(4, I,NTH)
IF (CTSC(4, I, NTMYLLT.EMXMNCI, 2)) EMXMNC(L, 2)=CTS (1, I,NTH)
520 CONTINUE
c
IF (MODINTIME, INTERV).NE.1) GO TO 460
c
IF (MOD(NTIME, INTER4).EQ.1) WRITE(4,110) DATE
IF (MOD(NTIME, INTER4).ER.1) WRITE(4,{45) COUNTY, PROFIL, CASE
URITE(S, 150) NTIHE, TIMHR, XHN, YHN, (I,ETACI)Y, I=1, IMAX)
WRITE(S, 151) (CTSCH, K, NTM)Y ,K=2,5)
1514 FDRMAT(1H0,'ETA:‘,FB.3,4X,‘NSU:',F9.3,4X,’ETA+NSU:',FB‘3,AX,
- "ETA+ JSRUSU: ', FE.3)
C
400 CONTINUE
DO 405 I=1,5
605 CTS(L, I, NTHE4)Y=0.0
C
C
WRITE(S, {52NTH
152 FORMAT(I5)
DO 610 T=1,NTH,2
IF (MOD(I,100).EQR.1) WRTTE(SH,110) DATE
IF (MODC(T,100).EQ.4) WRITE(S,140) COUNTY,PROFIL, CASE
IF (MODCI,10).ER. 1) WRITE(S, {600)

157

&1 0

299

TPy=Ted

WRITE(S,170) ((CTSC1, U0, K), 001 ,5) ,K=1,1F1)
WRITE(S,173) ((CTSC1, 0, K, J=1,5) ,K=1,1F1)
CONTINGE

WRITECIL,11) C(CTSL,4,K),0=1,5,4),K=1,NTH, 3)
FORMAT(2F10.14)

WRITE(S, 180) COUNTY, PROFIL, CASE, (EMXHNCL, 1), I=2,5)
WRITE(1O,180) COUNTY,PROFIL,CASE, (EMXMNCI,1),1=2,5)

TON=A

GO TO 3060

RETURN

END

SUBROUTINE HURCH(IS, X, XSITE,YSITE,XH, YH, FINF, DF, RMAX, VF, THETA,
1 RHOW, RHOA, COR, USR, P, TAUX, TAUY)

DIMENSTON X(1)

C BEWARE SOME SIGNS HAVE EBEEN MODIFIED TO ACCOUNT FOR LLEFT-HANDED COORD

20

UCR=23.4

IF (IS.NE.O) GO TO 4
XF=—RMAX*STN(THETAY

YE=RMAX®COS (THETA)

GO TO 6 h

XIS=0 5% (X(I8+{)+X(I8))

XP=XIS~XH

YP=YSITE-YH

RESART (XPrr2+YFr%2)
IF(R.LT.2200.0) R=23100.0
RAT=RMAX/R

EXPO=EXF(-RAT)
USG=-DF/ (RHOAXR )Y ¥ RATHEXFD/COR
UC=SART (~DF/RHOAXRATREXFQO)
ALPHA=ATAN2(YF, XI*)
RETA=THETA-~ALFHA
VPRIME=VF#SIN(RETA)

GAMMA=0 . 5% (VFRIME/UC+UC/USGY
RATIQ=SQRT(GAMMA*X%2+{, 0)~GAMMA
IF(RATIO.LLT.1.0E-05) RATIO={.0E-05
Us=UCRRATIO®O.9

USQR=1x%2

UXX=—USH*TINC~ALFHA+0.31)
UYY=~USRQRCOS (~ALFHA+O.31)
P=RINF+DFx (1L 0-EXFOD)

WSC=1.0F-06

IFCULLTOUCRY GO TO 20

WEC=WEL ~Q&% (] O-UCR/U) %%2
CONTINUE
AA=T L0
TAUX=AARRHOWWEC%UXK
TAUY=AARRHOWRUSCHUYY
IF (IS.NE.LO)Y UEQ=UXX
RETURN

END
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EROSTON MODEL

APPENDIX C

BEACH-DUNE EROSION MODEL*
NOTE: THIS FROGRAM WAS USED FOR CHARLOTTE COUNTY, APRIL {984.

C
c
C
C
C
C
c
C
C
[
C
c
396 36 36 96 7696 36 306 96 3 36 9 26 96 76 96 936 36 36 36 36 326 36 0 9636 36 3036309 36 36 36 06 30600 036 36 06 36 20 38 36 36 90 36 96 36 3 36 7 1 6 36 3696 6
DIMENSTION DH(200),DX(2006),DPTC(200),
- STALT(I20), STA(120),XAD(200) , XAW(200) ,HW(200),
- X(200,2),NCON(200),
- XASAVE(200) ,HASAVE(200)
DIMENSION XTOT(&),DXTOT(4),NTOT(6)
COMMON 7a/ H1(200),XAC200) ,HA(200) , NELM, X1 (200) ,NF, NELM1
CHARACTER®8 RNG, RNGDAT, DOTDAT, RCHDAT, OFFDAT
CHARACTER%®3 CONTY, CNAMEZ(5)
CHARACTER®#10 CNAME(S)
DATA NONTY/5/
DATA CNAMEI/'UWAL', "NAS', 'FRA', 'CHA', 'MAR '/
DATA CNAME/'WALTON', 'NASSAY', 'FRANKLIN', 'CHARLOTTE', 'MARTIN'/

c
[ HINY VALUES ARE DEFTH VALUES TO CENTER OF ELEMENT.
[ ELEVATIONS AROVE MEAN SEA LEVEL ARE NEGATIVE.
c
[
DATA XK/0.07/,XMD/3.0/,HR/10.0/,A/0.13/,PERIOD/0.5/,DY/1.0/
5 FORMAT(/) .
{0 FORMAT{({10X,F10.2)
15 FORMAT(FB.4)
30 FORMAT(S(F7.4,1X,F7.2))
37 FORMAT(A3)
40 FORMAT (A8, I3)
62 FORMAT(IH ,5X,FB.4,3X,F8.1,5X,F8.1)
65 FORMAT(I3)
“This program represents a numerical modeling procedure that is subject 10030 FORMAT (1H1 ‘.//‘:MX'MO" COUNTY®, § N
to change due to: 1. newly encountered topo-bathymetric and hydraulic - /,25X, *SIMULATED DUNE EROSION -~ DEAN-S MODEL®,
boundary conditions, and 2. incoporation of new advancements quantifying - /,:.-ZS_X,' FOR !)EJ:I;HP.«ER‘ 1982 ',
coastal processes. This program is applied on a county-by-county basis and T 425X, 100 YEAR ..STL)RM TIDE USED' ,/.)
is subject to acceptable calibration constraints recommended by the Beaches 10055 FORMAT(4HO, 'NOTE: XMD/SLOPE=',F3.4,' K VALUE =',F4.2,/,
and Shores Resource Center and approved by the Florida Department of Natural : - iH ! - PROFILES CONTAIN ADDED OFFSHORE DATA',/)
Resources. G o
VOLTOT=0.0
FROF=0.0
DO 98 I=1,4
NTOTC(T)Y=0
XTOT(I)=0.0
98 DXTOTC(L)Y=0.0

DO 100 K = 1,120
READ(S3, 10, END=150) STAI O
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100
150

C

i35
160

175

20
25

1750

176

177

{78

1761

CONTINUE
NTIMES=K -1

READ H,X VALUES

WRITE(#,201)

FORMAT (' INITIAL SURVEY DATA')
WRITE(9,202)

FORMAT (' INITIAL SHOOTHED DATA')
WRITE(10,203)

FORMAT ('ERODED-SMOQTHED DATA')
READ(4,37)CNTY

DO 155 I=1,NCNTY

IF (CNTY.EQ.CNAME3(I)) GO TO 160
CONTINUE

ICNTY=I

READ(4,20,END=9999)RNG, RNGDAT, ICODE, YNORTH, XEAST , AZMUTH
READ (4, 25)DOTDAT, RCHDAT, OFFDAT, NF, NFDOT, NFECH, NFOFF
FORMAT(AB,AB, I2,2F{2.3,F7.2)

FORMAT (AB, AR, AB, 413,/

IF (AMOD(PROF,4.0).NE.O) GO TO 1750
URITE(6, 10050) CNAME(ICNTY)
WRITE (4, 10055)XHD, XK
PROF=FROF+1 .0

DO 176 I=1,200

X(I,$)=6.0

X(I,2)=0.0

X1€1)=8.0

H1¢1)=0.0

NCON(I)=0

XA(1)=0.0

HACI)=0.0

READ(4,30) (X{(I),Hi(I), I=1,Np)

NFOFF=0

NFDOT=0

NPBCH=NP

FILE 8 CONTAINS INITIAL SURVEY DATA.

WRITE(8, 20)RNG, RNGDAT, ICODE, YNORTH, XEAST, AZMUTH
URITE(S, 25)DOTDAT, RCHDAT, OFFDAT, NP, NFDOT, NFECH, NFOFF
WRITEC(S, 30X (X1 (I),HI(TY, I=1,NF)

IDUNEM = {

DO 177 I = {,NF

IF (HECE) LGT. HECIDUNEM) ) TDUNEM = I
CONTINUE

MINi=1

DO 178 I = 1, IDUNEM

TF D) JLT. HECMING Y)Y MING = T
CONTINUE

MIN2=9

DO 1781 1 = IDUNEM,NP

TEF CHEICD) LLT. HE(MIN2)Y) MIND = X

CONTINUE
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179

1791

]

17800

{7820

1780

1782

ITMAX=TFIX{(H1 (IDUNEM)Y)
IMINA=TFIX(HY (MIN{))
IMIN2=IFIX(HT (MIN2))
NELMi=IMAX~IMINT +1
NELM2=IMAX~IMIN2+4
NELM=NELM{+NELM2
NL=NELM

I1=1

IMAXMA=IMAX~1

DO 179 I=IMIN{, IMAX
HA(II)=1

Il = 11 + 1

CONTINUE

DO 1791 I=IMAX, IMINZ,-4
HA(II) =1

IT = 11 + 4

CONTINUE

DO 2 I=1,NELM

NCONCI) =1

XA(I)=0.0

CALL SHOOTHCIDUNEM,4,2)
CALL SMOOTHCIDUNEM,NF, 1)

NELMiM = NELMI - 14
M2=NEL M1 +1
N3=NEL M1

DO 178060 M=1,NELM1

XASAVE(M) = —XA(M) + X4 (IDUNEM)
HASAVE (M) =-HA (M)

CONTINUE

DO 17820 M=N2,NELM

XASAVE(M) = XA(M) + Xi(IDUNEM)
HASAVE (M)=~HA(M)

CONTINUE :

FILE 9 CONTAINS INITIAL SMOOTHED CURVE.
NFDOT = ©

NFECH = NL

NFOFF = 6

WRITE(?,20)RNG, RNGDAT, ICODE, YNORTH, XEAST, AZHMUTH
WRITE(?,25)DOTDAT, RCHDAT, OFFDAT, NL, NFDOT, NFRCH, NPOFF
WRITE(D,30) (XASAVE(I) ,HASAVECIL) , I=1 ,NL)

DO 1780 M=1,NELMS

T=NELHS ~M+1

NCOM(T ) =2

Xrai) = =XA(L) + X1 CIDUNEM)
XM, 1)=XA0T)

CONTINUE

DO 1782 M=NZ2, NELM

IT=M-NELM{

XA(MY = XA(M) + X4 CTDUNEM)
XL, 2)=XA (M)

HA(TY=-HA(M)

NLS=1

CONTINUE

162



1783

Oo0O0

Qoo

OO0

o

184

185

300

400

500

INITIALIZE '"ACTIVE' PROFILE
HL=NLS

XCHELMY, {)=-1000.0

DO 1783 I=1,NL

AACTI=X(1,2)

NFDOT = 0
NPECH = NL
NFOFF = 0

CALL SRGFCTCIONTY, RNG, SMULT, SSURGE; TRNG)
WRITECH, 184 ICNTY,RNG , SMULT

FORMAT (' ICONTY,RNG, SMULT= *,13,A8,F7.3)
DO 185 I = {,NTIMES

STACI) = STAL(I) * SMULT

CONTINUE

CALCULATE HSTAR TO NEAREST FOOT

DO 200 T = {,NL

XAD(I) = XA(I)

CONTINUE

HS = (0.6467 % Ax%1.5 / XMD)I%x2
DXS = (HS / A)*x{.3

HSTAR = HS

DO 300 I = {,NL
XA(I) = XAOL(I)
CONTINUE

XR = 0.0

DH({) = 1.0

ESTARLISH INSTANTANEOUS WATER I.EVEL, ST

afF = 0.0

FID2 = {.5708

DT = FERIOD

DO 400 I = 2,NL

DHCIY = (HA(I) - HA(I-{1) — DH{I-1)/2.0)%2.0
CONTINUE

NTIMES LOOF - LOOF FOR EACH SURGE VALUE

ZZ=4.,0-EXF (-XK%DT)

IRF=q

NFA=1

DO 14600 NTIME = §,NTIMES
TIME = (NTIME-1)%DT

ST = STA(NTIME)

DO 5060 I = {,MNL

DETCCYY = HA(L)Y + 8T
CONTINUE
DFTE = HE/0.8

XE = (DPTH /7 A) #x 1.9

ESTARLISH THE TINDICES OF STIHLL WATER LEVEL AND HSTaR
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14046 FORMATC' NTIME,IIT, T, YW, BE,XSTAR, BSTAR, XACISTAR) ,DFTC (L),

o0

550

600

700

800

850
1000

AA = 106.0

DO 460 1T = §,NL

ER = ARS(DPTC(IY ~ DFTI)

IF (BR .GT. AAY GO TO 550

AA = RR

IE = I :

IF (ABS(DPFTC(I))Y LLE. DHCIN/2) TWL = T

IF C(ABS(HSTAR ~ DFTCC(I)) LLE. DH(I)/2) ISTAR =
CONTINUE

ITE=NFA

DO 1200 IIT = 1,10

SUM
SuM2
SUM3
SUM4
DO 700 I = IR,ISTAR

oy

Buona
jol ool

fo

.
“

o o ool

SUMA = SUM4 + DH(I)

SUM3 = SUM3 + XA(I) % DH(I)

CONTINUE

ISF = ISTAR + 1

Do 8060 I = ISP, IE

SUM4a = SUM4 + DH(I)

SUM2 + (DPTC(IY/AY%*%i.5 % DH(IL)

SUM2 =
SUM3 = SUM3Z + XA(I) % DH(I)
CONTINUE

IEF = IE + f§
DO 850 I = IEF,ML
IFILL = I-1
IF (XR + XB .LT. XA(I)) GO TO 1000
SUM3E = SUM3 + XA(I) % DH(ID)
= SUM4 -+ DH(I)
SUHM2 = SUM2 + XK % DH(I)
IFILEL = X
CONTINUE
CONTINUE
XRQ = XR
XR = 1.0/5UM4 % (SUM3 — SUM2 - SUMi)

ESTARLISH NEW VALUE OF IE

IBRQ = IR

HSTAR= (XRADXS~XACISTARY +DEFTCCISTAR) ~HSTAR) /XMD
BSTAR=RSTAR®ZZ

XSTAR=XA(ISTAR) +ESTAR

I R=NPA

WRITE(S,1108)

HETAR, XACT)Y, 22 ')

TE=NFA

DO 1100 T = NFA,IE

BR=XSTAR+t(DFTCCT) ~HSTAR)Y /XMD~XA(T)

IF (BRLLT.0.0) GO TO 1410

TH=T+9

WRITECS, {4 OFINTIHE, XIT, Y, IR, BRI, XSTAR, BSTAR,
XOCISTAR) ,DFTC(I) ,HSTAR, XA(L)Y , 22
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1105 FORMAT(ATA,8F7.2)
1100 CONTINUE
1410 CONTINUE
IF (IR.LT.4)IR=1
IF (IR LER. TERO)Y .AND. (ABRS(XRO - XR) .LE. .01)) GO TO 1300
I A 2 O L A 0 0 O O O 0 S 0 S0 O S T O A 2 S 0 0 S A S S T O T U S S A O o A e
1200 CONTINUE
1300 CONTINUE

G WRITE(4,1302)
1302 FORMAT(//)
[
C CALCULATE DX VALUES
C

DO 1400 I = IR,IFILL
IF (I .GT. ISTAR .AND. I LLE. TE)Y GO TO 1325
IF (I .GT. IE) GO TO 1350
DX(I) = XA(I)Y - (XR + DXS§ + (HA(I) + ST-HSTAR) / XMD)
GO TO 1400
1325 DXCI) = XA(I)Y — (XR + ((HACL)Y + STY/AIx%1.5)
GO TO 1400
1350 DX(I) = XA(I) - (XR + XB)
1400 CONTINUE
VOLCHG = 0.0
BA = (1.0 - EXF(-XK#DT))
b0 1500 I = IR,IFILL
BE = -DX{(I) % BA
VOLCHG = VOLCHG + EE ¥ DH(I)
XA(I) = XACI) + HBE
IF (NCON(NPA) LER.2.AND.XA(NFA) .LT.X(NPA,41)) NFA=NFA+{
1500 CONTINUE
C IF (MOD(NTIME,S).NE.O.AND.NTIME.NE. 1) GO TO 1510
[ WRITE(S, 15O3INTIME, NFA, TR, TWL, ISTAR, IE, ST,
[ - (I,HACI) ,XACI) ,NCONCI)Y,
c - X{I, 1), X407, 2y, I=1,NF)
1503 FORMAT(4HO, 'NTIME NPA TIE IWL ISTAR IE
- 215,15,15,17,1I4,F5.2,/,4H ,
- HA(T) XACIY NCONCI) X(I,1)
~ (I5,F5.1,F8.1,1I8,Fi0.2,F10.2})
1600 CONTINUE
C
C xxx% END OF TIME LOOF w3
c

ST, /7, 4H

X1¢1,2),7/,

DO 1700 I = 1,NL
DXC(I) = XACI) - XAOCI)
1700 CONTINUE
$1=0.0
NFAH=NFA-1{
IF (NFALER.1) GO TO 1724
DO 1720 I=1,NFAM
IF (HAC(I).GT.0.0) GO TO 1732
1720 St=81+(X(1,2)=X1, 1))
1721 DO 1730 Y=NFA,NL
AA=X(T,2)-XA(T)
IF (HA(T).GT.0.0) GO TO 1732
IF (AALLT.0.0) GO TO 4732
1730 Si=51+AA
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1732 CONTINUE
VOL=84/27.0
VOLTOT=VOLTOT+VOL
[
WRITE (4, 11001 YRNG, THAX
11001 FORMAT(//,6X,AB, 'DUNE ELEVATION: 'LI2,
- LOC. RELATIVE TO MONU.(FT.) DISTANCE ERO

DO 1550 IJK = 1,NL

IF (HACTJK) .NE. -25.0) GO TO 1532
XTOT(H)=XTOT(H) +XACTIK)

DXTOT (&) =DXTOT(H) +DX(IJK)
NTOT(46)=NTOT (6) +1

WRITECS, 110003 HACTJIK) , XACTJIK) ,DX{IJK)

11000 FORMAT(IH ,43X,F5.1,°" FT. CONTOUR: *',fi0X,F9.1,1

1532 IF (HACIJK) .NE. —-20.0) GO TO 1534
XTOTCS)=XTOT(5)+XACTIK)
DXTOT(S)=DXTOT(5)+DX(IJK)

NTOT(S)=NTOT(3)+1
WRITE(H,11000) HACTJIK) , XACTJIIC) ,DXCIIK)

1534 IF (HACIJK) .NE. -15.0) GO TO 1536
XTOT(4)=XTOT(4)+XA(TIK)
DXTOT(4)=DXTOT(4)+DX(TIK)

NTOT(A)=NTOT(4) +4
WRITE(S,19000) HACIJIKY , XACTIK) ,DX(TIK)

1336 IF (HA(IJK) .NE. -10.0) GO TO 1538
XTOT(E)=XTOT(E)+XACTIK)
DXTOT(3)=DXTOT(3)+DX(TJK)

NTOT I =NTOT(3) +14
WRITE(H, 11000) HACIJK) ,XACTJIK) ,DX(TIK)

1538 IF (HA(IJK) .NE. =5.0) GO TO 4540
XTOT(2)=XTOT(2)+XA(IJK)
DXTOT(2)=DXTOT(2)+DX(TJIK)

NTOTC(2)=NTOT(2)+1 .
WRITE(S,11000) HACTJIK)Y , XACTIJIK) ,DX(IJK)

1540 IF (HACIJK) .NE. 0.0) GO TO 1550
XTOT(4)=XTOT ({1 )+XA(IJIK)

DXTOT (4 3=DXTOT(I)+DXCTIK)
NTOT(4)=NTOT(§)+1
WRITE(S, 11000) HACIJK) , XACTI) ,DXCIIK)

1550 CONTINUE
WRITEC(S, 17345 V0L .

1734 FORMAT(1HO, 13X, 'VOLUME ERODED:
~ MEASURED FROM MSL UF',/)
NF=NL~NFA+1{

c FILE 10 CONTAINS ERODED SMOOTHED CURVE.
WRITEC(1 O, 20)RNG, RNGDAT, TCODE , YNORTH, XEAST , AZMUTH
WRITECTO, 25)DOTDAT, BCHDAT, OFFDAT, NP, NFDOT, NP, NFO
WRITECIO,30) (XACKK) , HACKIC)Y , KK=NFA, NL)

GO TO 175

?999 IF (FROF.LE.1.0) GO TD 99999
WRITE(SH, 10050 CNAMECTONTY)
WRITE(H, 10035 )YXMD, XK
WRITECH, 15460)

1360 FORMATC(//7/7,6X,'TOTALS FOR ALL FROFILES

~0ONU.(FT.) DISTANCE ERCDED (FT.)', /)
DO 1570 I = 1,6

'LFi0.2,' €U
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LOC. RELATIVE
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TO M



i
1

i
1

373
577

380
570

1590

C

C

oooQooooo

C

c

i0

20

160

IF (NTOTCEYLNELG)Y GO TO 1575

XTOT(1)=0.0

DXTOT(II=0.0

GO TO 1577

XTOTCD)=XTOTCLY/NTOTCT)

DXTOT(I)=DXTOTCIY/NTOTCTL)

CONT=FLOAT(T-1)%5.0

WRITE(S,1580) CONT,XTOTCL), DXTOT(I)

FORMAT(4H 15X, F5.4,"' FT. CONTOUR:

CONTINUE

VOLT=VOLTOT/FROF

WRITE(S, 1590)VOLTOT,VOLT

FORMAT(1HO,5X, 'TOTAL VOLUME ERODED FOR ALL FROFILES:
1H , 53X, 'AVERAGE VOLUME ERODED FOR ALL FROFILES:

LTOXLFRU L, 1TX, R

'LF10.2,/
YLF10.2,77)

99999 STOF

END
SUBRROUTINE SMODOTHONEBEG, NMAX, ICODE)

SUBROUTINE TO SMOOTH SURVEY DATA.

IF ICODE EQUALS 2, SURROUTINE HAS REEN CALLED TO SMODTH REAR
OF DUNE; IF ICODE EQUALS {1, SUBROUTINE HAS BEEN CALLED TO
IMOOTH FROMY OF DUNE. SMOOTHING OCCURS FROM HIGHEST ELEVATION
TO EITHER FIRST OOR LAST SURVEY FOINT.

SUEROUTINE USES SURVEY H AND X VALUES TO SET VALUES FOR XA,
GIVEN FREVIOUSLY SET HA VALUES (FROM MAIN).

COMMON /A7 H1(200),XA(200),HA(200), NELM, X1 (200) , NP, NELM1
NSTART=NREG

NFINI=NMAX-1

IF (ICODE .ER. 2) NFINI = NMAX

IF (ICODE .ER. 2) NSTART = NBEG - {
WRITE(S,10INSTART , NFINI

FORMAT (' NSTART,NFINI ',2I5)

INC = {

IF (ICODE .EQ. 2) INC = -t

DO 800 I = NSTART,NFINI,INC
Hi{=Hi(I)

H22=H{ (I+1)

DH=ABS(H1{-H22)

DX=X{ (I+4)-X1(I)

HU=H1 1

HL=H22

WRITE(S,20)H11 ,H22,DH, DX, HUY, HL

FORMATC' Hi,H2,DH,DX,HU, HL. ', &6F7.2)
IF (H22.LT.H11) GO TO 100

HU=H22

HL=H11{

NEL 4 = NELM{
NEL2 = NELH
IF (ICODE .NE.
NEL1 = NELM{
NEL2 = {

2 GO TO 200
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DO 300 NE
IF (HA(NE
CONTINUE

1.4, NEL2, ING
JLLTLOHUY GO TO 400

WRITECS, JOINEL, NEL1, NEL2, HACNEL) , HU

FORMAT (* NEL, NEL{,NEL2, HA(NEL)Y ,HU' , 315, 2F7.2)
NE=NEL

2 = NELM

IF (ICODE [EQ. 2) NEL2={

DO 700 N = NE,NEL2,TNC

IF (HA(NY.GT.HL) GO TO 600
XANI=XA(NI+DX

GO TO 700

DELY = (HU — HA(N))/DH

XACN) = XA(N) + DX % DEL1

WRITE(S, 403N, HACN)Y , HL, X(N) , XA(N) , DEL.{ .
FORMATC' N,HA(N) ,HL, X (M), XA(N)Y,DELY ' ,I5,5F7.2)
CONTINUE

CONTINUE

RETURN

END

SUBROUTINE SRGFCTCICNTY,RNG, SMULT, SSURGE, IRNG)

THIS SUBRQUTINE CALCULATES A SCALING FACTOR WHICH WILL ERE AFFLIED
TO THE STORM TIDE TIME SERIES.

DIMENSION SSVAL{S)Y,NRNG(S5)

DIMENSION IRND(22,5),SRG(22,%)

DIMENSION SRGCAL(13)

CHARACTER*8 RNG

DATA NRNG/8,4,22,4,0/

DATA IRBND/
1,22,43,74,84,98,142,129,14%0.0,
1,17,34,50,47,83,16%0.0,
1,13,30,40,75,92,101,110,125,4138,150,142,172, 183,

194,200,206,292,217,223,228, 240,

1,18,31,44,461,69,16%0,
22%0/

Ms | Wh—~

DATA SRG/

A4, 11.3,44.2,14.1,10.9,10.7,10.5,10.5,14%0.0,

2 13.9,13.8,13.7,13.45,13.2,13.2,14%0.0,
J42.05,12.1,12.045,42.2,92.25,12.3,12.4,12.45,42.5,12.6,12.95,1%.0,
- 13.95,13.3,14.4,14.55,14.7,14.85,15.0,15.15,15.30,15.30,
4 13.1,13.0,12.9,12.8,12.7,12.7,146%0.0,

5 22%x0.0/

DATA SRGCAL/7.0,7.5,7.9,8.4,8.8,9.3,9.8,10.2,10.7,

- 11.1,11.6,12.0,12.5/

DATA SSVAL/10.0,13.9,13.78,12.99,4.0/

DATA ICAL/OS

CONVERT CHARACTER RANGE TO INTEGER RANGE
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Con

50
100

XXM

110
120

%R

150

160
170

?9
300

TRNG=0

DO 50 I=4,3

J=IA42

K=TCHARCRNG (J:0))

IF (K.LT.240) GO TO 100
IRNG=IRNG¥®{ O+ (K-240)
CONTINUE

IF (ICAL.ER.®) GO TO 130

SCALE CALTERATION STORM SURGE (WALTON COUNTY HURRICANE ELOYSE)

b0 140 I=1,43

IF CIRNG.GE. C(I-1)#40) LANDLIRNGLLT. (DI %10)) GO TG 120
CONTINUE

SSURGE=SRGCAL(T)

SHUL T=S8SURGE/8.35

GO TO 360

SCALE 100 YEAR STORM SURGE FOR CURRENT RANGE

N=NRNG (ICNTY)

DO 160 I=2,N

IF (IRNG.GE.IEND(I-1,ICNTY).AND.IRNG.LT.IBNDCI, ICNTY)) GO TO 170
CONTINUE

SSURGE=SRG(I-1, TCNTY)

SMULT=SSURGE/SSVALCICNTY)

WRITEC(H, 99YICNTY, IRNG, RNG, SSURGE, SMULT
FORMAT(I3, I5,A8,2F7.2)

RETURN

END
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